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SUMMARY 


America's  demand  for  energy  is  now  growing  at  2.5  per- 
cent a year,  according  to  the  Federal  Energy  Administration, 
and  its  dependence  on  foreign  oil  is  increasing  rapidly  — 
from  26  percent  before  the  1973  oil  embargo  to  46  percent  in 
February  1977.  One  important  source  of  new  oil  and  gas  re- 
serves lies  off  the  coasts  of  the  U.S.  This  offshore  region, 
only  about  2 percent  of  which  has  been  opened  for  produc- 
tion, provided  16.4  percent  of  the  nation's  oil  and  14 
percent  of  its  natural  gas  in  1975,  and  according  to  the 
predictions  of  the  American  Petroleum  Institute,  by  1985  the 
yield  could  double. 

In  the  near  future,  exploration  and  production  will  be 
extended  from  the  principal  sites  of  present  offshore  oil 
and  gas  reserves  in  the  Gulf  of  Mexico  and  offshore  Southern 
California  to  the  Gulf  of  Alaska  and  the  Atlantic  and  Arctic 
Oceans,  where  storm,  seismic,  and  geological  conditions 
are  different.  The  projected  increase  in  such  oil  and  gas 
recovery  from  the  U.S.  outer  continental  shelf  (OCS)  has 
intensified  public  and  government  concerns  about  conserving 
vital  resources,  protecting  the  environment,  and  safeguard- 
ing human  life. 

The  U.S.  Geological  Survey  (USGS)  regulates  OCS  tech- 
nology and  other  activities  principally  by  issuing  OCS 
orders  and  other  lease  stipulations.  Since  1971,  several 
studies  conducted  by  the  USGS,  the  Marine  Board  of  the 
National  Academy  of  Engineering,  the  General  Accounting 
Office,  the  President's  Council  on  Environmental  Quality, 
and  the  Congress'  Office  of  Technology  Assessment  have  con- 
cluded with  recommendations  for  regulating  and  inspecting 
the  lessees  engaged  in  offshore  oil  and  gas  production. 


Accordingly,  the  USGS  requested  the  National  Research 
Council  to  undertake  a review  of  the  practices  in  the  veri- 
fication of  the  structural  adequacy  of  fixed  offshore  oil 
and  gas  platforms  --  that  is,  the  production  facilities 
permanently  fixed  to  the  seabed  by  pilings,  spread  footings, 
and  other  means.  The  USGS  also  requested  a review  of  the 
need  for  establishing  a third-party  verification  procedure 
and,  if  this  was  deemed  necessary,  how  such  a procedure 
might  operate.  To  perform  this  study,  the  National  Research 
Council  assigned  the  Marine  Board  (which  had  been  transferred 
from  the  National  Academy  of  Engineering  in  1974  to  conduct 
such  projects),  which  in  turn,  appointed  a special  panel 
that  initiated  this  study  in  January  1976. 

The  record  for  oil  and  gas  platforms  operating  off  U.S. 
coasts  in  the  past  three  decades  is  exceptionally  good.  Of 
3,000  structures  erected  between  1947  and  1975  in  the  Gulf 
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of  Mexico,  storms  accounted  for  the  destruction  of  only  26 
and  partially  damaged  another  11.  While  oil  spills  have 
resulted  from  storms  or  from  such  other  causes  as  collisions, 
fires,  blowouts,  or  storage  tank  ruptures,  no  significant 
spills  have  been  attributed  by  the  USGS  and  the  U.S.  Coast 
Guard  to  failures  of  the  platform  structures.  The  most 
publicized  spill  involving  a platform  in  U.S.  waters, 
the  incident  in  the  Santa  Barbara  Channel  off  Southern 
California  in  1969,  was  due  to  the  nature  of  the  subbottom 
geology  and  to  leakage  around  the  well  casing  rather  than  any 
structural  deficiency  of  the  platform.  Since  then,  as  the 
Council  on  Environmental  Quality  has  observed  in  its  1974 
report,  PCS  Oil  and  Gas,  "the  offshore  oil  and  gas  industry 
has  made  substantial  progress  in  technology  and  work  prac- 
tices." The  record  of  offshore  platform  operations  in  the 
past  three  decades  also  shows  that  no  lives  were  lost  from 
structural  failures. 

In  its  earliest  deliberations  the  panel  concluded  that 
no  verification  procedure  could  guarantee  that  a fixed  off- 
shore oil  and  gas  production  platform  will  be  safe  or  secure 
at  all  times  for  operating  personnel,  that  it  will  withstand 
the  effects  of  all  storms,  collisions,  or  other  accidents 
of  nature  or  man,  and  that  it  will  preserve  the  environment. 
Even  so,  verification  provides  a practical  way  of  giving 
additional  and  more  credible  assurance  to  the  public  and 
the  governments  (at  state  and  national  levels)  that  all 
reasonable  precautions  have  been  taken,  based  on  the  best 
applicable  technical  and  environmental  knowledge  available, 
to  ensure  the  integrity  of  the  structure,  so  that  oil  and 
gas  platforms  on  the  OCS  offer  safety  to  the  personnel, 
protection  of  the  environment,  and  conservation  of  the 
resources . 

The  present  verification  procedure  calls  for  the  off- 
shore oil  and  gas  industry,  under  the  general  supervision  of 
the  USGS,  to  oversee  and  regulate  the  structural  integrity 
and  operational  safety  of  all  drilling  operations  at  sea 
as  well  as  of  the  production  equipment  associated  with  the 
platforms.  The  industry  does  this  by  requiring  that  the 
structures  are  designed  to  withstand  the  operational  loads 
and  environmental  forces  likely  to  occur.  The  design  of 
the  structure  is  certified  by  a registered  professional 
engineer. 

The  panel  reviewed  the  verification  systems  now  in  use 
for  offshore  structures  in  waters  around  the  U.S.  and  abroad 
(as  well  as  other  types  of  structural  certification)  in 
order  to  determine  the  advantages  and  disadvantages  of  each. 
Based  on  its  examination  of  such  systems,  the  panel  concluded 
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that  a verification  system  should  include  the  following 
principal  elements: 

° Establishment  of  environmental  conditions  for 
each  area  and  class  of  structure; 

0 Documentation  and  promulgation  of  the  recom- 
mended practices  for  design  and  construction; 

° Submission  and  approval  of  the  verification 
plans ; 

0 Conducting  the  verification  procedure 
throughout  the  design,  fabrication  and 
installation; 

° Allowance  for  appeals  of  the  system; 

° Provision  for  reporting  and  investigation 
of  accidents;  and, 

° Maintenance  of  an  audit  of  the  system. 

In  addition,  the  system  must  be  sufficiently  flexible 
to  provide  for  variations  in  environmental  design  conditions 
and  to  allow  for  the  introduction  of  new  technology. 

Further,  it  should  be  so  structured  as  to  minimize  any 
delays  that  might  occur  in  the  process  of  platform  design 
approval,  construction,  and  installation. 

The  panel  weighed  the  benefits  and  possible  adverse 
effects  of  a third-party  verification  system.  The  principal 
benefit  of  such  a system  is  to  enhance  the  orderly  extension 
of  OCS  oil  and  gas  activities  in  an  expeditious  and  effi- 
cient way  by  assuring  the  public  and  the  Congress  of  the 
integrity  of  the  fixed  offshore  platforms.  Potential  ad- 
verse effects  include  excessive  delays  and  interruptions  to 
the  step-by-step  process  of  design  and  construction,  exces- 
sive rigidity,  and  over-reliance  on  codes  or  standards  that 
may  prevent  the  introduction  of  advanced  technology.  On 
balance,  the  panel  concluded  that  the  benefits,  advancing 
the  capability  to  proceed  in  an  orderly  manner,  outweigh 
the  adverse  consequences  of  third-party  verification. 

Therefore,  the  panel  recommends  that  a third-party  veri- 
fication system  should  be  implemented  by  the  USGS  for  future 
production  platforms  in  all  U.S.  waters.  In  making  this 
recommendation,  the  panel  recognized  that  the  establishment 
of  a verification  procedure  requires  a major  commitment  on 
the  part  of  the  USGS  and  the  government,  particularly  in 
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recruiting  and  training  an  adequate  and  technically  compe- 
tent in-house  staff  to  administer  the  system. 

When  the  system  is  fully  developed,  the  verification 
of  design,  fabrication,  installation,  and  maintenance  can 
best  be  performed  by  independent  third-party  agents,  selected 
on  the  basis  of  technical  competence  and  experience  in  off- 
shore engineering.  Such  third-party  agents  should  not  have 
corporate  affiliation  with  the  owner  or  operator  of  the 
platform;  nor  should  they  be  allowed  to  verify  any  function 
or  structure  for  a specific  platform  with  which  they,  their 
company,  or  any  corporate  affiliate  are  connected. 

The  panel  recommends  a transition  period  during  which 
the  verification  procedure  is  implemented.  The  purpose  of 
the  transition  period  is  to  avoid  a disruption  of  the  pre- 
sent development  of  the  OCS  and  to  utilize  existing  tech- 
nical expertise  fully.  Unreasonable  delays  can  be  costly 
and  increase  the  nation's  dependency  on  foreign  oil  and 
gas.  Only  when  the  USGS  is  staffed  adequately  and  criteria 
and  environmental  data  for  specific  regions  have  been 
established  should  the  verification  procedures  used  in  the 
transition  period  be  expanded  to  the  full  third-party 
verification  system  that  the  panel  proposes. 

The  panel  recommends  that  the  USGS  establish  a board 
of  consultants  to  develop  and  review  environmental  design 
conditions,  practices  for  design  and  construction,  verifi- 
cation procedures,  and  qualif ications  for  third-party 
reviewers.  The  membership  of  such  a board  would  be  suffi- 
ciently broad  to  ensure  that  critical  decisions  are  not 
based  on  narrow  considerations.' 

The  panel  also  recommends  the  use  of  outside  contrac- 
tors to  support  the  system  while,  at  the  same  time,  to 
limit  the  need  for  an  overly  large  USGS  staff.  Notwith- 
standing, the  management  and  administration  of  the  entire 
verification  procedure  is  a function  of  the  USGS  and  cannot 
be  delegated. 

In  addition,  the  panel  offers  related  recommendations: 

° The  USGS  should  prepare  policy  guidelines 
defining  the  elements  of  the  verification 
procedure  and  how  it  is  to  be  implemented; 

° The  USGS  should  provide  guidelines  for  the 
submission  of  acceptable  verification  plans 
by  the  owner  or  operator  on  individual 
projects ; 
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° The  USGS  should  take  positive  steps  to 
ensure  that  research  programs  necessary 
to  resolve  technical  uncertainties 
arising  from  verification  are  initiated; 

° The  USGS  should  establish  procedures 
for  the  routine  reporting  of  platform 
structural  conditions  and  analysis; 

° An  independent,  impartial  board  should 
be  utilized  to  review  accident  investi- 
gations ; 

° The  USGS  should  encourage  its  personnel 
to  maintain  their  technical  competence 
by  participating  in  professional  society 
activities  and  continuing  education  pro- 
grams ; 

0 The  federal  government  should  provide 
adequate  funding  for  the  adoption  and 
administration  of  the  proposed  verifi- 
cation system;  and, 

° A periodic  review  of  the  established 

verification  system  should  be  instituted. 

In  the  course  of  its  study,  the  panel  was  aware  that 
the  USGS,  under  its  present  statutory  basis,  has  responsi- 
bility for  the  prevention  of  waste  and  conservation  of 
natural  resources.  The  legal  authority  of  USGS  responsibi- 
lity for  the  safety  of  structures  and  protection  of  the 
environment  is  not  clear.  Therefore,  the  statutory  basis 
for  the  operation  of  the  verification  program,  under  the 
USGS,  needs  clarification. 

Although  costs  were  not  a major  consideration,  the 
panel's  best  estimate  of  costs  is  approximately  1 percent 
of  cost  of  the  total  platform  for  meeting  the  expense  of 
USGS  personnel  to  administer  and  monitor  the  system  and  2 
percent  of  the  cost  of  the  platform  to  meet  the  outlay  of 
industry  for  documentation,  reviews,  and  inspection.  The 
cost  of  each  major  platform  in  new  U.S.  waters  varies  in 
a range  from  $30  million  to  $150  million. 
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INTRODUCTION 


The  magnitude  of  a verification  program  for  offshore 
oil  and  gas  structures  can  be  estimated  on  the  basis  of 
the  number  of  existing  platforms.  Since  1947,  more  than 
3,000  offshore  oil  and  gas  production  platforms  have  been 
erected  on  the  outer  continental  shelf  (OCS)  around  the  U.S., 
mostly  in  the  Gulf  of  Mexico.  Approximately  50  more 
structures  are  now  being  built  for  installation  in  U.S. 
waters . 1 

The  history  of  offshore  platform  structural  integrity 
is  described  in  papers  by  G.  C.  Lee  and  Bernhard  Stahl, 
and  in  presentations  to  the  panel  by  Lyle  S.  St.  Amant  and 
the  Offshore  Operators'  Committee.2'3  The  record  shows 
that  as  offshore  experience  in  structure  design  has  in- 
creased, damages  to  structures  have  decreased,  even  though 
work  has  extended  to  greater  depths  in  the  oceans.  Stahl 
states  that  this  is  largely  a result  of  continual  improve- 
ments in  industrial  design  and  construction  and  work 
practices.  About  850  major  platforms  and  2,200  lesser 
structures  were  installed  in  the  Gulf  of  Mexico  between 
1947  and  1975.  Of  these,  major  hurricanes  completely 
destroyed  only  26.  Eleven  others  were  damaged,  but  could 
be  salvaged  and  repaired.  Few  of  the  destroyed  structures 
embodied  modern  design  practices.  There  is  no  record  that 
any  lives  were  lost  as  a result  of  structure  failures  from 
the  storms.  Furthermore,  no  major  oil  spills  in  the  Gulf 
have  been  attributed  to  structural  failure. 

The  outlook  is  for  increasing  the  pace  of  development 
for  offshore  oil  and  gas  to  meet  the  demand  for  these  fuels 
that  cannot  be  met  by  onshore  development  in  the  United 
States.  It  is  estimated  that  from  20  to  35  platforms  will 
be  installed  each  year  during  the  next  five  or  six  years, 
about  half  of  these  to  be  erected  in  the  waters  off 
Alaska  or  in  the  Arctic.  Such  structures  must  be  built 
to  withstand  storm  and  seismic  conditions  that  do  not  exist 
in  the  Gulf  of  Mexico,  where  much  of  the  offshore  technology 
experience  has  been  gained.  Furthermore,  many  of  them  will 
be  operated  by  200  to  400  people  who  may  find  themselves  cut 
off  from  rescue  during  severe  storms  at  sea.  Moreover,  newly 
organized  and  possibly  less  experienced  firms  may  be  involved 
in  such  offshore  exploration  and  production,  thereby  increas- 
ing the  possibility  of  structural  failures  and  accidents. 
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Concurrent  with  the  expansion  of  offshore  technology 
into  harsher  environments  is  a growing  tendency  of  the 
public  and  the  Congress  to  question  the  adequacy  of  safety 
provisions  and  environmental  precautions  in  offshore  re- 
covery operations.  Although  unrelated  to  structural 
failures  of  fixed  platforms,  the  loss  of  life  and  other  acci- 
dents in  North  Sea  oil  and  gas  operations  have  called 
public  attention  to  the  hazards  posed  by  hostile  environ- 
ments for  man  and  structures.  While  the  public  recognizes 
that  offshore  production  can  augment  the  dwindling  supplies 
of  oil  and  gas  required  to  heat  their  homes,  fuel  their 
cars,  and  operate  their  farms  and  industries,  at  the  same 
time,  it  is  increasingly  sensitive  to  activities  that 
affect  human  safety  and  damage  the  environment. 

Leonard  C.  Meeker,  in  a working  paper  prepared  for  the 
panel,  has  noted  several  consequences  of  public  interest  in 
environmental  safeguards.  Thus,  public  reaction  to  the  oil 
spill  in  the  Santa  Barbara  channel  off  California  in  1969 
led  the  Department  of  Interior  to  halt  further  OCS  oil  and 
gas  development  in  the  area  for  several  years.  Even  though 
the  oil  leakage  resulted  from  the  nature  of  the  subbottom 
geology  and  leakage  around  the  well  casing,  rather  than 
structural  deficiency  of  the  platform,  the  event  was  a 
rallying  point  for  many  environmental  groups  who  were  seek- 
ing Congressional  support  for  their  concerns. 

Public  pressure  brought  about  the  National  Environmen- 
tal Policy  Act  (NEPA)  of  1969,  which  has  led  to  legal 
actions  taken  by  environmental  groups.  As  a result  of 
public  concern  for  environmental  protection  in  the  OCS,  the 
federal  government,  in  April  1973,  deferred  drilling  on  the 
Atlantic  OCS  and  in  the  Gulf  of  Alaska  until  a study  of  the 
environmental  impacts  of  oil  and  gas  production  in  these 
areas  could  be  carried  out.  The  study  was  conducted  during 
the  following  year  by  the  President's  Council  on  Environ- 
mental Quality  (CEQ)  in  consultation  with  the  Environmental 
Protection  Agency  and  other  federal  agencies,  the  National 
Academy  of  Sciences,  and  the  governors,  legislators,  and 
citizens  of  the  coastal  states  involved. 

In  a report,  issued  in  April  1974,  the  CEQ  stated: 

Development  of  OCS  oil  and  gas... poses  major 
challenges  to  Federal  management  and  regulatory 
agencies,  to  the  states  affected  by  the  offshore 
activities,  and  to  the  oil  industry.  Risk  of  damage 
to  the  human  and  natural  environment  is  an  insepar- 
able part  of  almost  any  development,  including  the 
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OCS . The  guiding  principles  must  be  to  keep 
risks  at  an  acceptable  level  and  to  balance 
risks  with  benefits.  When  a risk  — based  on 
the  current  state  of  knowledge  and  technology 
--  appears  to  outweigh  that  of  an  available 
alternative  for  meeting  the  same  objectives, 
we  should  not  move  ahead  until  we  know  more 
and  can  do  better.  When  the  risk  is  accept- 
able, we  should  proceed  with  caution  and  with 
a commitment  to  prevent  or  minimize  damage. 

This  means  that  the  oil  industry  must  have 
adequate  technology  and  must  use  it  safely, 
that  Federal  agencies  must  exercise  their 
management  and  regulatory  responsibilities 
to  ensure  that  the  oil  industry  meet  its 
obligations,  and  the  Federal,  state,  and  local 
agencies  must  coordinate  their  efforts  to  mini- 
mize disruption  of  coastal  communities  and  en- 
vironments by  those  facilities  and  other  develop- 
ment required  to  support  offshore  operations.4 

During  the  year  in  which  the  CEQ  study  was  conducted, 
other  events  abroad  bore  directly  on  the  question  of  OCS 
oil  and  gas  development  in  the  frontier  areas.  In  October 
1973,  war  broke  out  in  the  Mideast,  and  as  a consequence, 
the  Arab  states  imposed  embargoes  of  oil  to  several 
nations,  including  the  United  States.  When  the  embargo 
ended  in  April  1974,  the  Organization  of  Petroleum  Export- 
ing Countries  (OPEC)  had  established  prices  which  were 
substantially  higher. 

In  the  meantime,  the  Administration  had  announced 
Project  Independence  with  the  stated  purpose  of  making  the 
United  States  independent  of  foreign  oil  and  gas  imports 
by  1980.  To  reach  self-sufficiency,  the  pace  of  exploration 
and  production  of  OCS  oil  and  gas  resources  would  have  to 
increase . 

But  when  foreign  imports  of  even  larger  quantities  of 
oil  resumed,  concern  was  again  expressed  by  the  public, 
members  of  Congress,  and  state  governments  that  the  federal 
government  and  the  industry  were  rushing  into  OCS  develop- 
ment without  the  necessary  environmental  studies  and  en- 
vironmental safeguards.  There  were  doubts  that  the  USGS 
could  effectively  supervise  and  regulate  OCS  development 
because  of  its  dependence  upon  the  expertise,  evaluation, 
and  judgment  of  companies  with  a direct  interest  in  develop- 
ing OCS  oil  and  gas  resources.  Furthermore,  there  were 
questions  that  the  existing  regulations  developed  for  appli- 
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BACKGROUND 


The  U.S.  Geological  Survey  of  the  Department  of  the 
Interior  is  responsible  for  overseeing  and  regulating 
the  structural  integrity  and  operational  safety  of  offshore 
petroleum  drilling  and  production  equipment  as  provided  in 
the  Outer  Continental  Shelf  (OCS)  Lands  Act,  August  7,  1953 
[67  STAT.462;  43  U.S.C.  1331-1343]. 5 In  carrying  out  this 
responsibility,  the  USGS  develops  regulations,  after  soli- 
citing public  comments  through  announcement  in  the  Federal 
Register , and  issues  them  in  the  form  of  OCS  Orders. 

Overall,  the  OCS  Orders  System  has  improved  over  the 
years;  however,  the  provisions  pertaining  to  structural 
integrity  have  remained  relatively  unchanged.  However, 
the  National  Academy  of  Engineering's  Marine  Board  (now 
the  Marine  Board,  Assembly  of  Engineering,  National  Research 
Council)  in  its  report  in  1972  questioned  the  validity  of 
approvals  or  inspections  by  the  government  of  a platform 
that  are  based  on  the  personal  standards  and  expertise  of 
the  reviewers,  rather  than  on  a system  of  objective-oriented 
regulations  and  an  interpretive  system  of  industry  standards. 
Regarding  structural  integrity,  the  report  stated: 

The  Order  [OCS  Order  Number  8,  Approval 
Procedure  for  the  Installation  and  Operation 
of  Platforms,  Fixed  and  Mobile  Structures,  and 
Artificial  Islands]  requires  statements  by  the 
operator  as  to  sizes  and  loads  on  structural 
members  and  piling  and  then  requires  "the 
following  certification  signed  and  dated  with 
the  title  of  the  company  representative: 


Operator  certified  that  this  platform 
has  been  certified  by  a registered  pro- 
fessional engineer  and  that  the  structure 
will  be  constructed,  operated,  and  main- 
tained as  described  in  the  application, 
and  any  approved  modification  thereto. 


No  criteria  are  given  for  the  "registered  professional 
engineer"  to  use  in  certifying  the  platform.6 

Since  that  report  was  issued  and  as  oil  and  gas  op- 
erations have  proliferated,  the  regulatory  practices  of 
the  USGS  have  come  under  increased  scrutiny  by  the  Congress 
the  general  public,  and  the  petroleum  industry.  These 
facts  as  well  as  the  projected  expansion  of  petroleum  op- 
erations into  the  hostile  environments  of  the  Gulf  of 
Alaska  and  the  middle  and  north  Atlantic  Ocean  areas,  led 
the  USGS  to  re-examine  the  regulatory  requirements  pertain- 
ing to  offshore  platforms  wherever  they  may  be  installed, 
to  ensure  the  technical  adequacy  and  safety  of  their  design 
construction,  and  operation. 

Accordingly,  on  January  29,  1976,  the  U.S.  Geological 
Survey  published  a draft  "Notice  to  Lessees  and  Operators 
of  Federal  Oil  and  Gas  Leases  in  the  OCS , Gulf  of  Mexico 
Area."  [Issued  by  the  Oil  and  Gas  Supervisor,  Field  Op- 
erations] in  the  Federal  Register  (Vol.  41,  No.  20)  con- 
cerning the  requirements  for  thxrd-party  inspections  to  be 
performed  on  all  drilling  and  production  operations.7 
[Comments  from  the  public  were  solicited.]  The  following 
excerpts  from  that  notice  state  the  purpose  of  third-party 
inspection  and  define  third-party  inspectors  for  drilling 
and  production  operations:* 

A.  Purpose : The  purpose  of  third-party  inspections 

is  to  enhance  the  efforts,  to  identify  undesirable 
trends,  and  to  provide  solutions  to  problem  areas 
with  respect  to  safety  and  pollution  control  in 
day-to-day  operations.  Third-party  inspection  data 
will  be  coded  for  inclusion  in  the  Platform  In- 
spection System  of  the  Gulf  of  Mexico,  OCS  op- 
erations, to  permit  its  retrieval  separately  from 
inspection  data  collected  by  USGS  inspection 
personnel . 


*The  panel  defined  a third-party  verification  agent  which 
is  later  recommended  for  structural  verification. 
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Third-party  inspections  will  not  replace  any 
portion  of  the  present  USGS  inspections  but  will 
be  an  adjunct  to  them. 

B.  Definitions ; Third-party  inspectors  are  defined 
as  either':  TH  personnel  employed  by  the  operator 

who  are  not  directly  responsible  for  the  operation 
they  are  inspecting  and  who  report  directly  to 
management,  or  (2)  personnel  who  are  employed  by 
an  outside  firm  with  which  the  operator  or  group 
of  operators  contract  inspection  services. 

In  January  1976,  the  USGS  reguested  the  National  Re- 
search Council's  Marine  Board  to  provide  a technical 
analysis  and  to  recommend  procedures  for  the  review  of 
the  structural  integrity  of  new  fixed  offshore  structures. 
The  purpose  of  the  study  was  to: 

0 Determine  whether  or  not  independent  third- 
party  review  of  offshore  structures  would  be 
of  sufficient  benefit  to  the  USGS,  the  companies 
involved  in  the  design,  fabrication,  and  instal- 
lation of  offshore  structures,  the  operating 
companies  undertaking  the  recovery  of  offshore 
petroleum  and  gas  resources,  the  public  and  the 
Congress,  to  warrant  the  time  and  costs  involved; 

° Determine,  if  the  answer  to  the  above  is  affirma- 
tive, the  scope  and  detail  that  should  be  recom- 
mended for  such  review  and  further,  to  determine 
the  availability  of  criteria,  guidelines,  and 
engineering  standards  for  performing  the  review; 
and , 

° Identify  and  determine  the  relative  merits  of 
alternative  organizational  concepts  for  certifi- 
cation. 

The  panel  limited  its  deliberations  to  the  problems 
of  design,  fabrication,  installation,  and  maintenance  of 
fixed,  bottom-founded,  offshore  oil  and  gas  structures, 
that  is,  production  platforms  permanently  fixed  to  the 
seabed  by  means  of  piling,  spread  footings,  or  other 
means.  (Steel  Jacket,  Pile  Supported;  Steel  Tower,  Pile 
Supported;  Concrete,  Gravity;  Articulated,  Buoyant; 
Concrete/Steel  Hybrid;  Tension  Leg;  Guyed  Tower;  Monopod.) 
Other  aspects  of  offshore  oil  and  gas  operations,  i.e., 
the  existence  of  pipelines,  drilling  operations,  production 
equipment,  operational  safety  would  be  considered  only 
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peripherally.  Thus,  mobile  drilling  ships  and  jack-up  rigs 
were  excluded  from  consideration. 


The  panel  also  excluded  consideration  of  verification 
techniques  applied  to  the  structural  integrity  of  existing 
platforms.  A verification  procedure  for  these  must  take 
into  account  the  number  of  existing  platforms,  their  age, 
the  technology  used  at  the  time  of  construction,  the  cost 
of  bringing  them  up  to  acceptable  construction  design 
criteria,  specifications,  etc.,  and  the  value  of  remaining 
oil  or  gas  reserves.  Thus,  the  large  number  of  existing 
platforms  and  the  differences  in  their  ages  would  require 
an  evaluation  procedure  entirely  different  than  the  pro- 
cedure applied  to  new  platforms. 

An  additional  limitation  which  the  panel  imposed  on 
itself  was  the  consideration  of  costs.  Ultimately,  the 
public  will  bear  the  total  costs  of  operating  the  system 
either  through  taxes  or  increased  prices  for  oil  and  gas. 
Therefore,  the  panel  generally  considered  only  the  total 
costs  and  did  not  attempt  to  differentiate  between  "govern- 
ment costs"  and  "industry  costs"  except  when  necessary. 


Certification  vs.  Verification 

One  of  the  first  tasks  on  which  the  panel  focused  was 
selection  of  terminology  to  define  accurately  the  process 
they  were  studying.  Accordingly,  the  implications  of  the 
words  "certification"  and  "verf ication"  were  examined.  The 
panel  concluded  that  while  the  term  "platform  certification" 
as  presently  used  by  the  USGS  refers  to  certification  by  a 
professional  engineer  "...that  the  structure  will  be  con- 
structed, operated  and  maintained  as  described  in  the  ap- 
plication (of  the  owner/operator)  and  any  approved  modifi- 
cation thereto"  the  public  and  the  Congress  might  infer 
that  the  structure  was  certified  to  withstand  all  environ- 
mental and  man-made  impacts  upon  the  structure."  However, 
it  is  not  possible  to  certify  unconditionally  that  the 
platform  will  at  all  times  be  safe  for  operating  personnel, 
or  withstand  the  effects  of  all  storms  and  seismic  condi- 
tions, collisions  or  accidents,  or  that  the  environment 
will  not  be  endangered. 

Nevertheless,  a procedure  is  required,  whatever  its 
designation,  to  assure  the  public,  the  Congress,  the  USGS 
and  the  owner/operator  of  the  platform  that  the  environ- 
mental and  operating  factors  have  been  given  consideration 
in  the  platform  design,  construction  and  installation.  This 
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procedure  should  also  indicate  that  appropriate  reviews  and 
inspections  have  been  conducted  to  document  that  the  design, 
building,  and  installation  of  a platform  are  in  conformance 
with  the  applicable  performance  criteria,  specifications, 
etc.  This  procedure  has  been  identified  as  "verification." 


Scope  of  Panel  Study 

The  panel  examined  numerous  areas  of  concern  associated 
with  verification,  including: 

0 The  overall  objectives  of  verification; 

° The  adequacy  of  the  present  USGS  verification  system; 

° The  methodology  and  characteristics  of  other  U.S. 
and  foreign  verification  systems; 

° The  adequacy  of  present  industry  design,  fabrication, 
installation,  and  maintenance  practices; 

° The  legal  and  public-interest  implications  of  veri- 
fication; 

0 The  need  for,  and  the  positive  and  negative  effects 
of/  any  change  from  the  present  system; 

0 The  criteria  by  which  the  verification  system  and 
organizational  concepts  might  be  judged  for  suit- 
ability and  adequacy; 

0 Third-party  verification  process  by  which  design 
review  and  inspection  of  structures  is  performed 
and  documented  by  independent  third-party  agents. 
There  are  numerous  variations  of  third-party 
verification  systems.  Some  permit  the  utiliza- 
tion of  personnel  employed  by  the  companies  in- 
volved in  the  design  and  construction  of  the 
structure;  other  systems  permit  only  the  use  of 
outside,  independent  qualified  personnel  or  organi- 
zations as  verification  agents  with  a full  range 
of  combinations.  In  this  report,  several  types 
of  verification  processes  are  discussed. 
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° The  use  of  various  groups  --  USGS , and  other  govern- 
ment agencies,  classification  societies  such  as 
the  American  Bureau  of  Shipping  (ABS) , oil  industry, 
engineering  and  construction  firms,  industry  and 
professional  societies,  and  independent  consulting 
firms  in  a verification  program. 

The  USGS  also  requested  that  the  panel  consider  a study 
being  conducted  by  the  Aerospace  Corporation,  under  contract 
to  the  USGS,  as  it  related  to  the  panel's  efforts  and  to  com- 
ment as  appropriate.  The  Aerospace  study  analyzed  various 
cerification  procedures  and  developed  detailed  cost  estimates, 
personnel  staffing  and  implementation  requirements.  The 
USGS  arranged  for  Aerospace  to  apprise  the  panel  of  its 
progress.  The  USGS  also  provided  the  panel  with  the  Aero- 
space final  reports,  Verification  of  Offshore  Structures 
for  Oil  and  Gas  Development;  Program  Plan  and  Program  Plan 
Implementation  Options  — Verification  of  Offshore  Structures 
for  "oil  and  Gas  Development.'' 


Need  for  Verification 

No  verification  system  can  offer  unconditional  guaran- 
tees of  structural  integrity  or  even  of  the  complete  ade- 
quacy of  design  and  construction  procedures.  The  most  that 
it  can  accomplish  is  to  assure  a high  degree  of  probability 
that  adequate  or  appropriate  procedures,  technology,  and 
materials  have  been  utilized,  and  that  no  recognizable  prob- 
lems have  been  overlooked. 

The  panel  found  no  indication  of  major  technical  defi- 
ciencies requiring  a more  stringent  verification  system  to 
improve  the  integrity  of  offshore  structures  in  the  geo- 
graphical areas  where  the  majority  of  offshore  structures 
now  exist.  They  determined,  however,  that  as  oil  and  gas 
development  extends  into  offshore  locations  more  hostile 
than  the  Gulf  of  Mexico,  and  the  design,  installation  and 
operation  of  such  structures  become  more  complex,  a system 
is  needed  to: 

° Give  formal  and  additional  assurance  to  the 
public  and  the  Congress  of  the  integrity  of 
fixed  offshore  structures  in  all  U.S.  waters; 

° Ensure  a continuation  of  industry's  excellent 
past  performance  as  OCS  operations  are  extended 
into  frontier  areas  with  harsher  conditions. 
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Primary  Implementation  Considerations 

The  success  of  any  verification  system  depends  on  sound 
scientific  and  technical  knowledge  and  its  documentation, 
and  on  qualified  personnel. 

Knowledge  of  Offshore  Technology 

R&D  efforts  by  the  U.S.  offshore  industry  have  been 
primarily  responsible  for  the  development  of  OCS  technology 
to  its  present  state  of  sophistication . The  scientific  and 
technical  knowledge  required  to  implement  a verification 
system  consists  of: 

° Environmental  data,  including  atmospheric, 
oceanic,  and  geotechnical; 

° Engineering  properties  of  structural  materials; 

° Structural  design; 

° Response  of  structures  to  environmental  loads; 

° Fabrication  technology; 

° Inspection  technology;  and, 

° Installation  technology. 

While  the  present  state  of  scientific  and  technical 
knowledge  provides  a satisfactory  basis  on  which  to  continue 
the  development  and  regulation  of  the  U.S.  outer  continental 
shelf  oil  and  gas  activities,  it  is  essential  that  this 
basis  is  continually  expanded  and  supported.  There  must  be 
an  uninterrupted  flow  of  environmental  data,  sponsorship  of 
background  or  basic  research  and  a regulatory  climate  that 
is  conducive  to  continued  (or  even  enhanced)  industry  re- 
search and  development  efforts.  In  his  paper  prepared 
for  the  panel,  Matlock  listed  some  suggested  opportunities 
for  further  research  (see  Appendix  B) . 


Status  of  Technical  Documentation 


The  technical  documentation  includes  policy  guidelines, 
the  basic  verification  program  plan,  and  the  administrative 
and  technical  procedures,  standards,  environmental  data,  and 
manuals  by  which  it  is  supported  and  implemented. 


The  documentation  now  in  use  for  offshore  structures 
differs  among  government  agencies,  industrial  groups,  and 
certification  organizations.  To  date,  the  technology  has 
been  developed  and  continually  extended  in  a large  measure 
by  the  U.S.  offshore  industry.  The  documentation  of  this 
knowledge  exists  in  several  forms,  including: 

° Government  regulations,  such  as  the  U.S.  Code 
of  Federal  Regulations,  USGS-OCS  Orders,  British 
Department  of  Energy  Guidelines; 

° Classification  Society  Rules,  such  as  those 
of  Lloyd's  Register  of  Shipping,  Det  norske 
Veritas  (DNV) , American  Bureau  of  Shipping  (ABS) ; 

° Quasi-public  sets  of  nationally  recognized 
standards,  such  as  those  of  the  American 
National  Standards  Institute  (ANSI); 

° General  professional  and  technical  codes  pre- 
pared by  professional  and  technical  organizations 
such  as,  the  American  Institute  of  Steel  Construc- 
tion (AISC) , the  American  Concrete  Institute  (ACI) 
the  American  Society  of  Metals  (ASM) , the  American 
Society  of  Testing  Materials  ( ASTM) , the  Federa- 
tion Internationale  de  la  Pr econtrainte  (FIP) ; 
and  petroleum  societies'  recommended  practices, 
such  as  American  Petroleum  Institute  (API)  API- 
RP2A  (Recommended  Practice  for  the  Planning, 
Designing,  and  Constructing  of  Fixed  Offshore 
Platforms) ; 

0 Industrial  firm  design  procedures  and  practices; 
and, 

° Technical  literature. 

In  its  study  for  the  USGS,  the  Aerospace  Corporation 
reviewed  API-RP2A  and  indicated  which  areas  of  the  state 
of  technology  were  satisfactory  and  which  areas  could  be 
improved.20  While  the  panel  does  not  entirely  concur 
with  their  conclusions,  the  report  does  provide  a start- 
ing point  for  improving  the  documentation  of  recommended 
practices.  It  is  to  be  noted,  however,  that  API-RP2A  is 
cited  in  domestic  and  foreign  government  regulations  as 
well  as  classification  societies'  rules  and  thus  presents 
a fairly  accurate  picture  of  the  state  of  knowledge  of 
offshore  technology  as  it  is  being  applied. 
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The  task  of  translating  the  technical  literature  into 
standards  is  not  trivial.  It  requires  the  constant  exami- 
nation of  the  evolving  technology,  exchange  of  informa- 
tion within  the  offshore  technology  community,  and  the  con- 
tinous  translation  of  new  knowledge  into  standards.  The 
resulting  standards  can  be  selectively  incorporated  into 
the  regulations  through  the  Federal  Register  process  which 
solicits  comments  from  industry  ancf  the  public  prior  to 
adoption  of  the  change. 


Personnel 

The  number,  scope,  and  intricacy  of  the  functions  to 
be  performed  in  a verification  program  dictates  a need  for 
personnel  with  outstanding  technical  capabilities  in  many 
areas.  Their  technical  competence  should  be  combined  with 
strong  managerial  ability  and  sensitivity  to  the  public 
interest.  At  the  same  time,  such  personnel  should  have  a 
keen  grasp  of  the  role  of  the  government,  and  the  capa- 
bility of  the  industry. 


Verification  Functions 

The  panel  identified  the  functions  to  be  carried  out 
in  a verification  system: 

0 Establish  environmental  design  and  construction 
criteria  and  prepare  basic  implementing  docu- 
mentation of  policy,  regulations,  standards, 
and  personnel  qualifications; 

° prepare  detailed  verification  plans  which  list 
the  criteria  and  procedures  to  be  used  in 
design,  construction,  instal lation , and  main- 
tenance and  the  various  design  review,  inspec- 
tion, test,  and  quality  control  activities; 

° Check  and  approve  (with  modifications,  if  needed) 
the  verification  plans; 

0 Provide  an  appeal  route  for  resolving  conflicts; 

° Implement  the  plan  (i.e.,  conduct  design  review, 

observe  tests,  inspect  fabrication  and  installation, 
and  review  various  quality-control  activities) ; 


Monitor  the  implementation; 
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° Operate  the  failure  reporting  and  analysis 
system;  and, 

° Audit  the  overall  implementation  of  the  verifi- 
cation system. 


V 


REVIEW  AND  ANALYSIS  OF  EXISTING  SYSTEMS  AND  AGENTS 


Historically,  verification  programs  have  been  insti- 
tuted as  a result  of  catastrophes  to  assure  the  adequacy 
and  safety  of  hazardous  structures  or  equipment.  They 
provide  the  basis  for  obtaining  insurance  for  liability 
or  loss,  and  for  obtaining  government  approval  or  licens- 
ing for  construction  and  operations.  Examples  are: 

° Ship  Classification:  Originally  instituted  for 
insurance  purposes  by  Lloyd's  of  London  and  by 
the  Ship  Master's  Association  (predecessor  of 
the  American  Bureau  of  Shipping  [ABS]);  and, 

° The  Boiler  and  Pressure  Vessel  Code:  Originally 
instituted  for  insurance  purposes  by  the  American 
Society  of  Mechanical  Engineers  (ASME) . 

In  both  cases,  verification  systems  have  been  adopted 
by  various  governmental  agencies  to  assist  in  fulfilling 
their  regulatory  responsibilities. 

The  panel  reviewed  several  verification  systems  cur- 
rently used  in  the  United  States  and  other  countries.  In 
addition,  the  panel  reviewed  the  three  optional  verifica- 
tion procedures  considered  in  detail  by  the  Aerospace 
Corporation  in  their  report  to  the  USGS.  The  following 
verification  systems  were  considered  by  the  panel: 

Present  USGS  system  for  offshore  platforms; 

Present  internal  system  for  offshore  platforms 
used  by  many  elements  of  U.S.  industry; 

Present  British  system  for  offshore  platforms; 

Present  Norwegian  system  for  offshore  platforms; 

Present  U.S.  Coast  Guard  (USCG)  system  for 
ships  and  mobile  offshore  rigs; 
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Present  Federal  Aviation  Administration  (FAA) 
system  for  civil  aircraft;  and, 

Three  verification  options  proposed  for  USGS 
consideration  by  the  Aerospace  Corporation. 

The  panel  also  considered,  in  less  depth,  the  systems 
used  by  the  U.S.  Army  Corps  of  Engineers  for  dams  and  by 
the  U.S.  Nuclear  Regulatory  Commission  for  power  reactors. 


Present  USGS  System  for  Offshore  Platforms 

The  USGS  system  is  based  on  OCS  Order  No.  8.  It  allows 
for  differing  environmental  conditions  encountered  in  the 
Gulf  of  Mexico  and  the  Pacific  Coast  offshore  areas,  but  in 
each  case,  the  Order  requires  that  the  structure  be  designed 
to  withstand  the  maximum  operational  and  environmental  loads 
expected  to  be  imposed  on  it. 1 1 It  also  requires  that  the 
adequacy  of  the  design  be  certified  by  a registered  pro- 
fessional engineer.  OCS  Order  No.  8 calls  for  personnel 
from  USGS  regional  offices  to  review  the  general  arrange- 
ment of  the  structure,  the  sizes  of  the  primary  members, 
and  the  anticipated  operational  and  environmental  loads. 
Internal  industry  reviews,  which  are  discussed  in  the  next 
section,  are  not  necessarily  submitted  with  the  documenta- 
tion to  USGS.  However,  such  reviews  are  used  by  the  certi- 
fying professional  engineer  to  help  in  an  evaluation  of  the 
adequacy  of  the  design. 

The  USGS  has  evolved  a system  for  issuing  regulations. 
It  solicits  industry,  government,  and  the  public  by  publi- 
cation of  a proposed  regulation  in  the  Federal  Register 
and  requesting  comments.  USGS  reacts  to  the  comments  prior 
to  final  promulgation  of  the  regulation  through  the  Federal 
Re  gist e r . 


As  presently  constituted  and  performed,  the  USGS 
system  cannot  assure  the  structural  integrity  of  offshore 
oil  and  gas  platforms  in  the  harsher  environments  of  the 
Arctic  and  Alaskan  waters.  It  will  take  time  to  codify 
the  experience  being  gained  from  other  harsh  environments, 
such  as  the  North  Sea,  and  it  will  require  more  experience 
and  knowledgeable  staff  to  apply  it.  Furthermore,  although 
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the  USGS  system  invites  public  participation,  it  does 
not  provide  for  an  effective  appeals  route.  The  lack 
of  adequate  criteria  for  the  registered  professional 
engineer  who  certifies  the  platform,  further  weakens  the 
the  credibility  of  the  USGS  procedure  insofar  as  the 
public  is  concerned.  The  present  USGS  system  has  a fail- 
ure-reporting and  analysis  function,  but  due  to  lack  of 
staff,  the  analysis  function  is  not  strongly  implemented. 
Formalized  accident  investigation  and  review,  and  system 
audit  functions  are  not  included. 


Present  Industry  System  of  Design  and  Construction  Review 

The  internal  design  review  is  conducted  by  specialists 
who  have  taken  part  in  the  actual  design  and  construction 
work.  The  reviewers  determine  whether  the  design  and  con- 
struction meet  accepted  industry  practice,  the  customers' 
requirements,  and  applicable  codes,  standards  and  practices. 
Independent  re-calculations  or  re-analyses  of  the  structure 
may  or  may  not  be  conducted.  The  process  is  monitored  and 
disputes  are  resolved  by  high  level  company  officials.  In 
Wartelle's  paper,  prepared  for  the  panel,  a schedule  for 
a typical  industry  review  is  described,  and  appears  in 
Appendix  C. 

In  view  of  the  public's  wariness  toward  industry  to- 
day, it  would  be  naive  to  assume  that  the  industry  verifi- 
cation system  would  sufficiently  assure  the  public  and  the 
Congress  as  to  the  structural  integrity  of  offshore  plat- 
forms and  to  the  safeguards  and  precautions  that  are  being 
exercised  for  protecting  human  life  and  the  environment. 
However,  the  industry  system  undoubtedly  uses  its  tech- 
nical personnel  more  efficiently  and  effectively. 


British  System  for  Certification  of  Offshore  Platforms 

In  Great  Britain,  the  Department  of  Energy  (DOE)  is 
responsible  for  establishing  certification  requirements. 

The  basic  statutory  regulations  are  amplified  in  Guidance 
on  Design  and  Construction  of  Offshore  Installation , pub- 
lished by  the  DOE  in  1974. 12  Certifications  and  periodic 
recertifications  of  offshore  structures  are  conducted  by 
five  ship  classifications  societies:  Lloyd's  Register  of 

Shipping;  Det  norske  Veritas;  Bureau  Veritas;  American 
Bureau  of  Shipping;  and  Germanischer  Lloyds.  These  organiza- 
tions are  appointed  by  the  DOE  to  provide  a "Certificate 
of  Fitness"  for  each  installation. 
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In  addition,  the  DOE  is  presently  appointing  two 
additional  certifying  authorities  which  are  a consortia 
of  English  and  Scottish-based  consulting  firms.  The 
certifying  authorities  have  established  their  own  rules 
and  requirements  within  the  general  bounds  of  the  govern- 
ment's statutory  and  guidelines  regulations.  Such  rules 
provide  the  principal  technical  documentation  in  all  areas 
except  those  dealing  with  environmental  concerns.  The 
rules  are  based  upon  experience  as  well  as  documents  such 
as  API-RP2A,  the  accepted  British  National  Codes  and 
Standards,  and  other  widely-accepted  codes  and  standards. 
Environmental  conditions  are  described  by  the  British 
weather  service. 

The  system,  based  on  observations  of  panel  members, 
has  negative  characteristics.  The  Lloyd's  or  DNV  review 
procedures  (principal  ones  used)  require  costly  indepen- 
dent re-computation  of  structural  conditions.  The  DOE 
is  reported  to  lack  sufficient  experienced  competent 
personnel.  As  a result,  the  DOE  cannot  provide  a strong 
monitoring  activity  nor  perform  an  effective  updating  of 
regulations  that  stay  abreast  of  technological  advances. 

In  addition,  the  British  system  does  not  provide  an  effec- 
tive appeal  route  for  disputes  between  the  operator  and 
the  certifying  authority. 

The  highly  structured  and  detailed  content  of  the 
rules  of  the  British  system,  and  its  lack  of  flexibility 
discourages  the  introduction  of  new  technology,  and  makes 
it  difficult  to  design  prudently  and  cost-effectively. 

The  British  system  provides  for  an  effective  use  of  tech- 
nical manpower  by  the  verification  agents  (except  for  the 
structural  re-analysis  in  the  implementation  steps  of  the 
system) , but  does  not  provide  an  appeal  route  or  invite 
public  participation. 


Norwegian  System  for  Certification  of  Offshore  Platforms 

The  Norwegian  system  is  similar  to  the  British  for 
certification  and  periodic  recertification,  except  that 
less  authority  is  delegated  to  the  certifying  authorities. 
The  Norwegian  Petroleum  Department  (NPD)  is  responsible 
for  verification.  The  primary  certifying  authorities 
are  Det  norske  Veritas  and  Dr.  Aas  Jacobsen  and 
Associates  (A-J).  The  NPD  also  enforces  rather  detailed 
occupational  safety  regulations,  comparable  to  those  of  the 
U.S.  Occupational  Safety  and  Health  Administration.  While 
the  NPD  also  provides  environmental  design  information,  the 
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primary  structural  rules  are  set  by  the  certifying  authori 
ties.  These  rules,  like  those  in  Britian,  are  based  on 
DNV  experience,  FIP  recommendations,  API-RP2A,  applicable 
government  standards,  and  other  widely-accepted  codes  and 
standards.  The  DNV  and  A-J  reviews  also  include  an  inde- 
pendent re-computation  of  the  structural  analysis.  The 
NPD  is  better  staffed  than  the  DOE  and  thus  is  able  to 
maintain  a greater  degree  of  monitoring  and  updating  of 
regulations  than  the  DOE. 

The  Norwegian  system  has  demonstrated  in  practice  con 
siderable  flexibility  primarily  because  of  the  effective 
use  of  its  personnel.  Nevertheless,  because  it  is  highly 
structured  and  the  rules  are  extremely  detailed,  the  adop- 
tion of  new  technology  may  be  difficult.  The  Norwegian 
system  does  not  provide  for  public  input. 


The  U.S.  Coast  Guard  System  for  Certifying  Ships 
and  Mobile  Offshore  Rigs 

The  United  States  Coast  Guard  (USCG)  has  statutory 
responsibility  for  the  certifying  and  periodic  recertifi- 
cation of  ships  and  mobile  offshore  rigs  before  these  are 
fixed  in  place.  The  USCG  has  a strong  in-house  technical 
capability  and  provides  detailed  regulations  and  rules 
under  which  ships  and  mobile  rigs  are  certified.  These 
rules  are  developed  through  the  Federal  Register  process. 
The  American  Bureau  of  Shipping  (ABS)  is  authorized  by 
statute  to  provide  certain  structural  certifications  based 
upon  USCG  and  ABS  rules. 

The  USCG  participates  in  the  development  of  ABS  rules 
The  ABS  structural  rules  for  ships  are  the  result  of  over 
a century  of  operating  experience  as  well  as  technical 
analyses.  As  is  the  case  for  DNV,  Lloyd's  and  A-J,  the 
ABS  also  depends  on  an  independent  re-analysis  of  the 
structure  in  its  review. 

The  environmental  conditions  are  specified  for  ships 
and  will  vary  depending  on  the  "class"  to  which  they  are 
certified.  The  USCG  operates  a continuous  mointoring, 
investigation,  and  review  system  to  provide  data  about 
failure  and  accidents.  Major  accidents  are  formally 
investigated  by  USCG  teams  and  their  findings  are  reviewed 
by  the  National  Transportation  Safety  Board  (NTSB)  to  dete 
mine  probable  cause. 
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FAA  System 

The  Federal  Aviation  Administration  (FAA)  has  the 
statutory  authority  for  certifying  the  airworthiness 
( structural) and  operational  safety  of  civil  aircraft 
operating  in  the  United  States.13  FAA  rules  and  regula- 
tions are  established  after  publication  in  the  Federal 
Register . The  technical  base  for  the  certification  pro- 
cess of  FAA  is  derived  from  in-house  technical  personnel 
and  benefits  from  the  expertise  of  the  National  Aeronau- 
tics and  Space  Administration  (NASA)  and  the  Department 
of  Defense  (DOD) . In  the  FAA  system,  certification  of  a 
particular  type  of  aircraft  begins  with  a certification 
plan  developed  by  industry  based  on  FAA  rules.  Following 
approval  of  the  plan  by  the  FAA  (often  after  modification) , 
implementation  is  accomplished  by  Designated  Engineering 
Representatives  (DERs)  and  Designated  Manufacturing  Inspec- 
tion Representatives  (DMIRs)  with  the  FAA  monitoring  and 
auditing.  DERs  and  DMIRs  are  nominated  by  industrial 
employers  and  approved  by  the  FAA.  They  do  not  review  or 
inspect  work  for  which  they  have  been  responsible.*  The 
DERs  and  DMIRs  review  the  design,  quality  control,  and 
manufacturing  inspection  activities  on  those  aircraft-types 
for  which  they  have  been  qualified  by  the  FAA.  Their  work 
is  monitored  and  audited  by  FAA  technical  personnel. 

The  FAA  operates  an  effective  failure  reporting  and 
analysis  system  that  provides  information  for  improved 
regulations  and  for  the  determination  of  recommended  or 
mandatory  aircraft  modification  requirements.  All  major 
accidents  are  investigated  by  the  FAA  in  conjunction  with 
the  NTSB . The  findings  of  probable  accident  causes  are 
then  published  by  the  NTSB.  The  results  of  these  investi- 
gations and  reviews  are  utilized  in  a continuing  process 
of  updating  the  regulations  and  improving  airworthiness. 


Proposed  Aerospace  Options 

The  three  options  considered  by  the  Aerospace  Corpora- 
tion for  USGS  implementation  are  basically  identical,  ex- 
cept for  the  affiliation  of  the  personnel  performing  the 
verification  functions.  Possible  types  of  personnel  and 
their  affiliations  are:  employees  of  classification 


*USGS  places  similar  limits  in  their 
party  certification  as  published  in 
Jan.  29,  1976,  and  quoted  herein  on 


definition  of  third- 
t h e Federal  Register , 
page  / • 


societies,  such  as  ABS , DNV,  or  Lloyd's;  teams  of  personnel 
from  offshore  engineering,  design,  or  construction  firms 
who  divest  themselves  of  other  offshore  business  to  avoid 
conflict  of  interest;  and  designated  representatives  from 
industry. 

The  Aerospace  Corporation  recommends  a verification 
procedure  in  which  USGS  personnel  are  charged  with  the 
development  of  the  verification  plan.  The  extent  of  the 
technical  review  undertaken  through  verification  would 
depend  on  the  degree  of  experience/knowledge  of  the  design 
and  construction  procedures  proposed  and  the  expected 
environmental  loading.  In  the  Aerospace  study,  offshore 
structures  are  subdivided  into  six  classes,  based  on  com- 
binations of  existing,  extended,  or  new  technology  and 
known  or  unknown  environments.14  These  classes  are; 

Class  A Units  or  structures  of  proven  design 
in  a known  environment* 

Class  B Units  or  structures  of  proven  design  in 
an  unknown  environment** 

Class  C Units  or  structures  of  extended  design  in 
a known  environment 

Class  D Units  or  structures  of  extended  design  in 
an  unknown  environment 

Class  E Units  or  structures  of  new  design  in  a 
known  environment 

Class  F Units  or  structures  of  new  design  in  an 
unknown  environment 

The  environmental  conditions  would  be  determined  from 
a data  base  prepared  and  evaluated  for  the  USGS  by  a con- 
tractor. The  design  and  construction  rules  and  regulations 
would  be  derived  from  existing  applicable  rules  and  codes. 


‘Known  environment  is  that  for  which  nominal  and  extreme 
wave  and  wind  loads  can  be  predicted  with  acceptable 
accuracy  and  seabed  geotechnical  characteristics  are  known. 

**Unknown  environment  is  that  for  which  the  above  predictions 
are  not  substantiated  with  sufficient  data  and/or  seabed 
geotechnical  characteristics  are  not  well  known  (latter 
applicable  to  seabed  fixed  units). 


T 





22 

These,  according  to  the  Aerospace  study,  would  be  reviewed 
and  augmented  to  cover  harsh  environments  and  all  current 
design  practices.  The  rules  would  be  promulgated  through 
the  Federal  Register. 

The  NRC  panel  notes  that  provisions  were  not  included 
in  the  proposed  Aerospace  procedure  for  reporting  and 
analyzing  failures,  investigating  and  reviewing  accidents, 
auditing  the  entire  process,  or  including  such  data  and 

evaluations  in  the  regulations  and  rules.  1 

As  described  by  Aerospace,  the  process  appears  to  this 
panel  to  be  quite  detailed  and  rigid.  The  only  flexibility 
provided  is  the  choice  among  the  six  classes  of  verification. 

An  appeals  route  is  provided  by  which  the  USGS  regional  and 
area  offices  could  resolve  disputes.  No  reference  is  made 
to  appeals  by  industry. 

The  panel  identified  a set  of  criteria  as  a result  of 
its  examination  of  each  of  the  foregoing  verification  sys- 
tems. Ideally,  the  verification  should: 

° Provide  the  public  and  the  Congress  with  added 
assurance  that  industry  development  of  the  OCS 
is  being  pursued  in  an  environmentally  accept- 
able manner; 

° Accommodate  and  encourage  new  technology, 
avoiding  over-dependence  on  codes  instead 
of  good  engineering; 

0 Be  flexible  and  adaptable  to  frontier-area 
operations ; 

0 Provide  for  an  appeal  route  in  contested 
determinations; 

° Avoid  introduction  of  undue  delays; 

° Provide  for  the  most  effective  use  of 

personnel  with  experience  in  design,  fab- 
rication, and  installation  of  OCS  structures; 

0 Minimize  disruption  to  the  USGS  and  industry 
operations ; 

0 Provide  time  for  the  USGS  to  acquire  and 
train  staff;  and. 


Facilitate  "phased"  implementation. 


L 


23 

The  panel  determined  that  none  of  the  existing  systems 
entirely  meet  the  basic  criteria  and  institutional  require- 
ments for  a verification  system  that  would  effectively 
assure  the  public  and  the  Congress  of  the  structural  inte- 
grity of  the  new  platforms.  Continuation  of  the  USGS  system 
would  be  least  disruptive  for  both  the  USGS  and  the  off- 
shore industry.  The  introduction  of  the  other  systems  would 
be  disruptive,  at  least  temporarily,  since  all  would  cause 
marked  changes  from  the  present  practice.  The  British  and 
Norwegian  systems  would  provide  less  disruption  to  industry 
(except  for  the  associated  acquisition  of  strong  technical 
i personnel  by  the  government)  since  much  of  the  U.S.  off- 

► shore  industry  has  already  worked  with  one  or  both  of  these 

systems  in  the  North  Sea.  As  now  constituted,  all  of  the 
systems  are  sufficiently  structured  to  recognize  the  time 
• required  to  acquire  and  train  personnel  in  a phased  manner. 
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A RECOMMENDED  VERIFICATION  SYSTEM 


As  a result  of  the  preceding  analysis,  the  panel  be- 
lieves that  a third-party  verification  system  could  be  insti- 
tuted and  implemented  by  the  USGS  that  would  assure  the  pub- 
lic and  the  Congress  that  the  best  applicable  scientific  and 
technical  knowledge  available  is  being  used  in  the  design, 
building,  installation,  and  operation  of  fixed  offshore 
structures  on  the  outer  continental  shelf.  The  panel  has 
identified  the  elements  of  a verification  system  that  it 
believes  would  enhance  the  capability  of  the  USGS,  but  that 
would  not  be  overly  restrictive  and  rigid.  The  system  is 
based  on  a combination  of  the  desirable  elements  of  the 
various  systems  reviewed  by  the  panel,  including  the  con- 
siderable wealth  of  experience  already  gained  from  opera- 
tions in  the  Gulf  of  Mexico.  Some  modifications  to  proce- 
dural details  have  been  introduced  to  accommodate  the 
variety  of  environments,  experience  in  operations,  and  types 
of  structures  used  in  OCS  development.  The  resulting  system 
should  be  sufficiently  flexible  to  allow  adaptation  to  other 
offshore  facilities  that  might  be  used  for  OCS  oil  and  gas 
development . 


System  Steps 

The  basic  steps  encompassed  in  the  proposed  procedure 

are  : 

1.  The  operator  (person,  firm,  corporation  or  other 
organization  employed  by  the  owners  [of  a platform] 
to  conduct  exploration,  production,  and  recovery 
operations)  submits  to  the  USGS  the  structure 
verification  plan.  The  cost  of  implementing  the 
verification  .plan  is  borne  by  the  operator; 

2.  The  USGS  checks  plan  in-house  (or  with  contract 
support  in  some  cases) ; 

3.  The  USGS  approves  plan  if  appropriate  (an  appeal 
route  is  provided  for  contested  decisions) ; 

4.  The  plan  is  implemented  by  the  third-party  engi- 
neering and  inspection  representatives  as  listed 
in  the  plan; 
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5.  The  USGS  monitors  implementation  of  the  plan  for 
compliance,  provides  an  appeal  route,  and  insti- 
tutes a failure  reporting  and  analysis  system; 

6.  An  independent  board  (similar  to  NTSB)  conducts 
and/or  reviews  investigations  of  major  acci- 
dents; 

7.  A step-by-step  procedure  for  implementation  and 
approval  is  provided  to  enable  work  to  proceed  in 
a timely  manner. 


Contents  of  Verification  Plan 

The  verification  plan  submitted  by  the  operator  would 
describe  the  plan  for  design,  construction,  and  installa- 
tion in  sufficient  detail  to  identify  those  aspects  that 
ensure  platform  integrity.  These  include: 

° Definition  of  environmental  performance 
criteria,  which  the  structure  must  with- 
stand (e.g. , a 100-year  storm) ; 

° Design  criteria  and  procedures,  including 
probable  names  of  designer  and  design 
consultants ; 

° Fabrication  procedures,  including  probable 
list  of  fabricators; 

° Installation  procedures  (conditions  analyzed, 
such  as  launch,  applicable  pile-driving 
practices,  etc.),  including  probable  name 
of  installation  contractor; 

° Operating  procedures  and  plans  for  post- 
installation and  maintenance  inspection 
procedures  that  relate  to  structural 
safety  (inspection  intervals  and 
coverage) ; 

° Techniques  and  procedures  to  be  used 
for  verifying  the  structure:  design 

review  (engineering) ; tests  (materials/ 
welding) ; and  inspection  procedures 
(fabrication,  installation);  and, 


Nominations  for  the  implementing  third- 
party  verification  agents. 
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Applicable  Verification  Standards,  Codes,  Practices 

The  preparation  and  acceptance  of  verification  plans 
should  be  based  on  applications  of  technology  and  engineer- 
ing practices  that  have  been  developed  for  OCS  operations 
under  specific  environmental  conditions.  These  practices 
include  those  of: 

° OCS  Orders  of  the  U.S.G.S.; 

° American  National  Standards  Institute  (ANSI) ; 

° American  Society  of  Mechanical  Engineers  (ASME) ; 

° American  Society  of  Testing  Materials  ( ASTM) ; 

0 The  American  Petroleum  Institute  (API) ; 

° The  Federation  Internationale  de  la  Precontrainte 
(FIP ) ; 

° American  Concrete  Institute  (ACI) ; 

° Society  of  Naval  Architects  and  Marine  Engineers 
(SNAME) ; 

° Internal  standards  developed  within  individual 
organizations  comprising  the  offshore  industry; 

° American  Welding  Society  (AWS) ; and, 

° other  regulations  and  foreign  standards  as  appli- 
cable to  the  specific  structures  for  which  the 
structure  verification  plan  is  submitted,  e.g. 

Det  norske' Veritas  Rules  for  Design,  Construction 
and  Inspection  of  Fixed  Offshore  Structures. 


These  practices,  standards,  and  codes  should  appear  in 
the  Federal  Register  publication  and  as  practicable,  unde: 
ANSI  review.  In  the  rapidly  expanding  offshore  technology, 
the  system  must  be  flexible  enough  to  accommodate  applicable 
advances  as  soon  as  they  appear  in  technical  society  publi- 
cations. 

As  new  documentation  on  environmental  design  conditions 
and  recommended  practices  for  lesign  and  construction  become 
available,  it  should  be  incorporated  into  design  and  veri- 
fication programs,  and  when  applicable,  into  the  appropriate 
standards  and  design  practices. 
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Repeated  Designs 

When  the  designs  used  are  the  same  as  those  of  pre- 
viously verified  platforms,  the  design  review  verification 
step  should  be  minimized.  However,  the  review  should  take 
into  account  planned  structural  modifications  and  differ- 
ences in  environmental  loadings,  if  any. 


Flexibility  to  Accommodate  Advanced  Designs 

The  need  for  flexibility  in  a verification  system  can- 
not be  overstated.  For  example,  the  truly  "frontier" 
structures  will  need  design  procedures  and  perhaps  fabrica- 
tion and  installation  techniques  that  may  not  have  been 
applied  to  other  offshore  structures.  They  may  require  new 
procedures  and  techniques  that  have  not  been  recognized  in 
the  documentation  governing  verification.  Consequently, 
verification  for  such  structures  cannot  rely  on  a literal 
interpretation  of  the  then  accepted  and  standardized  guide- 
lines, or  wait  while  guidelines  can  be  formulated  through 
the  Federal  Register.  Without  flexibility,  the  new  concepts 
needed  in  the  design,  building,  and  installation  to  meet 
conditions  in  more  severe  environments  will  be  stifled. 

Furthermore,  it  must  be  recognized  that  building  a 
platform  is  a step  by  step  procedure,  spanning  a long  period 
of  time.  These  steps  include  detailed  geologic  and  oceano- 
graphic investigation  of  the  specific  site,  establishment  of 
the  system  concept  for  development  of  the  field,  design  of  the 
structure,  fabrication  of  principal  components,  transportation 
and  installation  of  the  basic  structure  at  the  site,  completion 
of  installation  of  the  drilling  and  production  equipment,  after 
which  the  drilling  can  commence.  Over  that  period  of  time, 
design  details  are  completed,  with  such  adjustments  as  may  be 
required.  The  verification  system  should  be  sufficiently  flex- 
ible to  accommodate  these  steps. 


Inspection 

The  inspection  component  of  verification  pertains  to 
both  fabrication  and  offshore  phases.  Fabrication  inspec- 
tion will  cover  such  items  as  welding  and  materials  in  order 
to  confirm  that  the  structure  has  been  built  to  the  approved 
design  opecif ieations . At  sea,  it  is  necessary  to  confirm 
that  the  platform  has  been  installed  according  to  plan  and 
that  critical  damage  to  the  platform  has  either  not  occurred, 
or  if  it  has,  that  it  has  been  adequately  repaired.  Such 
inspection  may  require  the  use  of  remotely  operated  tele- 
vision, underwater  photography,  nondestructive  test  equipment 
and  procedures,  and  trained  inspection  divers. 


J 


\ 


k 


Ongoing  Configuration  Control  and  Inspection  Plans 

Post-installation  changes  affecting  the  platform  (con- 
figuration control)  and  inspection  plans  relate  to  the 
establishment  of  a "regime  for  safety"  that  should  result 
in  continued  structural  integrity  for  the  operational  life- 
time of  the  structure  until  such  time  as  it  may  be  abandoned 
and  removed.  Such  a "regime  for  safety"  process  includes: 

(1)  ongoing  configuration  control;  (2)  planned  periodic 
third-party  inspections;  (3)  reverification  either  when 
changes  in  configuration  are  made  which  would  affect  struc- 
tural integrity  or  when  the  inspections  show  that  because  of 
major  damage  due  to  ship  collisions,  marine  corrosion,  and 
storms,  repairs  are  necessary. 


Third-Party  Verification  Agents 

To  be  qualified  as  an  independent  verification  agent 
(design  reviewer  or  inspector) , the  design  organization  or 
personnel  selected  may  not  have  corporate  affiliation  with 
the  owner  or  operator;  nor  should  they  verify  any  of  the 
design,  fabrication,  installation,  or  operation  functions 
which  they  or  a corporate  affiliate  have  performed  for  the 
specific  platform  being  verified. 

Third-party  verification  personnel  may  be  independent 
consultants  or  may  be  drawn  from  the  offshore  industry  and 
sources  such  as  consulting  firms,  offshore  engineering  and 
inspection  firms,  and  classification  societies  such  as 
American  Bureau  of  Shipping  and  Det  norske  Veritas.  Verifi- 
cation reports  prepared  by  these  verifying  agents  are  to  be 
submitted  by  them  to  the  government  with  copies  to  the  opera- 
ting companies. 


Failure  Reporting 

Failure  reporting  and  analysis  should  deal  with  repairs 
made  following  the  planned  routine  or  emergency-caused  in- 
spections, as  well  as  with  failures  that  occur  (and  are 
found)  between  inspections;  the  reporting  can  be  implemented 
using  the  present  USGS  industry  reporting  system  for  safety 
devices . 


Accident  Investigation  and  Review 
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Accident  investigation  and  review  would  occur  only 
following  major  structural  failures  or  other  events  as 
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necessary.  The  investigation  could  be  conducted  by  either 
the  USGS  or  USCG  at  the  request  of  the  USGS.  Post-inves- 
tigation review  should  be  conducted  by  a detached  high- 
level  board  such  as  the  National  Transportation  Safety 
Board  (NTSB) . Review  by  such  a board  would  provide  a strong 
measure  of  credibility  to  the  identification  of  the  probable 
cause.  Cost  effectiveness  should  be  high  because  of  the 
past  experience  of  NTSB  and  the  infrequent  occurrence  of 
major  structural  failures. 


System  Management,  Approval,  Appeal,  and  Audit 

There  are  a number  of  government  functions  not  listed 
as  a part  of  the  contents  of  the  submitted  verification 
plan  but  critical  within  the  overall  verification  system. 
These  will  include:  management  of  the  system,  approval 

(disapproval),  occasional  appeal,  and  audit  of  the  planned 
implementation . 

The  purpose  of  the  auditing  function  is  to  assure  the 
USGS  that  the  verifying  agents  are,  in  fact,  conducting  the 
verification  procedure  systematically,  completely,  and 
totally  in  compliance  with  the  verification  plan.  Spot 
checks  may  be  required  in  which  inspection  techniques  and 
inspection  records  are  carefully  examined  and  authenticated. 

The  provision  of  an  effective  appeal  route  is  essential 
for  settling  disagreements  encountered  both  in  the  verifi- 
cation plan  review  and  in  the  implementation  of  the  plan. 
Disagreements  will,  on  occasion,  be  unavoidable  because  of 
the  advancing  nature  of  the  engineering  involved,  the 
interpretation  of  the  environmental  data,  and  the  lag  in 
modifying  codes,  regulations,  and  standards  which  accommo- 
date the  technical  advancements. 


Analysis  of  Proposed  System 

The  components  of  the  proposed  system  are  summarized 
in  Table  I which  includes  further  explanatory  notes  on 
each.  As  was  done  on  pages  15  to  22  for  the  existing 
systems  and  Aerospace  options,  the  panel  reviewed  its  pro- 
posed system  with  respect  to  t->ach  of  the  criteria  and  needs 
established  earlier. 

The  proposed  system,  with  its  use  of  third-party  veri- 
fication agents  and  the  accident  review  board  (similar  to 
NTSB) , appears  capable  of  assuring  the  public  that  the 
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TABLE  I 

STRUCTURE  VERIFICATION  SYSTEM  OUTLINE  AND  NOTES 


NOTES 


Verification  System 
Management 


-'  S''.!  is  regulatory  aqency  and  arbiter 
and  auditor. 

-Venf  irati  ager-ts  are  generally  from 
ABS,  other  classificati  n societies, 
consulting  firms,  r other  industries 
and  sources  such  as  American  Weldmq 
Society-  justified  inspectors.  All 
f these  are  to  be  independent  third 
parties  as.  !«  f ined  within  this  re^rt. 


-Failure  Reporting  an: 
Analysis 


-Procedures  developed  by  USGS  (possibly 
with  ontractor  helj  and  promulgated 
by  Federal  Register  route, 

-Rt-l-orting  ky  industry  with  use. 
moh i tor ing . 

-Collection  and  analyses  by  LS'.S 
Ipossitiy  with  contractor  hel| 
-Analyses  a;  also  be  made  of  data  by 
USGS,  rndust.-",  r then  interested 
researcher  s . 


-Investigation  conducted  of  major 
failures  r r --.dents  by  i vernmer.t 

agency  " • •:  i 

-Review  t y ro-.-inment  board  i sp<*'  .al 
board  or  NTSB  . (i  se  of  us<"*s  and 
NTSB  p r>>r, ably  is  most  credible  and 
c^st  effective  approach!. 


Verification  Pi  ar  s .snpunei.ts 


-fcnv i ronmer.t al  Perf>  rtnance 
Criteria 


-LSGS  listing  of  conditions  t>  be 
considered  m each  reg i n,  such  as 
winds,  ice  Jt.titc.  activity,  etc 
- SOS  listing  of  how  they  are  con- 
sidered, ic  as  m a* lr urns  from  100- 
year  periods. 

-Can  be  developed  for  , ,5  by  con- 
trait  is  and  promulgated  through 
Federal  Register  route. 


-Environmental  .<nJit  i ;.s 
Operating  . ids 


-design  Pro. -a 


Mater  1 a Is 


-InduStr,  i government  : jointly 
collected  data. 

-App  . . al  1<-  ■ : . • . C - submi  ttecl  by 

per  it  : 1 ; r VI*  1 ! whe 

defined  as  the  design  f r -grcsse*. 


- .ener  al  l:  ceiurcs  specif, e«l  by  Sr.S. 
based  or.  rP-.a  .ir.d  revisions.  ether 
stands!  • des,  and  1 rders 
-Specif  1 procedures , analyses,  et 
sole,  ted  ly  opera tc-r  and  approved 
by  SG$  P sstrly  with  the  hell  >f 
contractor  s t . 

-Appl.  at  1 n < pr  edures  ■»  . . t . 
by  eiifi  .it  1 r agents. 


-Selected  by  petator 
by  USGS. 


Fabrication  plans  (Including 
inspe  ‘ . r and  g jj  1 : ty 

cont rol J 


-selected  by  upratiits  an,i 
by  SGS 


. ficsti’-r,  Design  Review 


induct  r .1  e t f i 1 • . ag‘“ 

i monitoring  and  approval. 


- /er 1 f 1 cat ton  Inspection  •( 
Fabrication  «nd  Installat. 


■ I 1 at  1 n ,tqer  t self  •*,!  by  opera- 

aml  approved  by  USGS. 


st  t nstal lat 1 or 

Pc* t 1 id  i ■ Inspe ^ t !•  .ii  Pla 

and  Inspection 


-I  lal.n  leveloped  by  >p«' 
apt  1‘val. 


Hi!  . at  , . luer.t 9 


AJ  ar  1 nment  ir.  i.**rv  •».  • larc- 


••  i .|  me  t by 


■Abartd  .nmt  t ar-i  :n*m. .vai 


rat'  r - He  , 
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industry  is  developing  the  OCS  in  an  environmentally  safe 
and  resource-conservative  manner.  Initially,  as  in  any 
new  program,  there  will  be  a short  supply  of  USGS  personnel 
qualified  in  offshore  structure  technology.  This  deficiency 
can  cause  intolerable  delays  should  the  system  be  instituted 
hastily. 


Management  Options 

The  panel  believes  that  a verification  system  could  be 
instituted  which  would  correspond  to  the  Management  Option 
listed  in  Table  II. 

As  will  be  noted,  the  functions  marked  by  asterisks  and 
identified  as  "establish  criteria,"  "approve  plan,"  "provide 
appeal  route,"  "failure  reporting  and  analysis,"  and  "audit 
implementation”  are  considered  to  be  primarily  government 
responsibilities.  The  remaining  functions  are  "prepare 
plan,"  "check  plan,"  "implement  plan,"  and  "monitor  imple- 
mentation." The  management  options  for  these  functions 
should  be  balanced  against  considerations  of  credibility, 
accountability,  and  cost. 

The  panel  believes  that  the  operator  is  the  best  quali- 
fied to  prepare  the  plan  ("prepare  plan")  according  to  gov- 
ernment guidelines  since  the  industry  will  design,  fabricate, 
and  install  the  platform.  Also,  since  the  structure  is  owned 
and  operated  b\  the  operator,  it  is  in  the  best  interests  of 
both  government  an  . industry  that  the  accountability  reside 
with  the  operator. 

The  plan,  once  prepared,  ideally  would  be  checked  for 
technical  and  administrative  adequacy  by  the  USGS  per- 
sonnel before  approval;  however,  if  the  USGS  checked  all  of 
the  industry  plans  in  detail,  it  would  require  a large 
staff  of  highly  competent,  technical  manpower,  whose  work 
load  would  fluctuate  considerably.  Therefore,  it  may  be 
more  efficient  for  the  USGS  to  contract  for  the  actual 
checking  process  for  selected  submissions  or  portions 
thereof.  The  use  of  contractors  to  check  all  plans  is  pos- 
sible, but  unwise,  since  the  USGS  must  develop  and  maintain 
a strong  in-house  overall  technical  and  management  capability 
in  the  performance  of  its  verification  functions.  For  these 
reasons,  the  USGS,  with  contractor  assistance,  is  indicated 
as  having  responsibility  for  the  "check  plan"  function 
(USGS/Contractor ) . To  assure  credibility  and  accountability , 
contractors  in  the  "check  plan"  function  should  be  drawn 
from  sources  other  than  those  industrial  sources  involved 


TABLE  II 

Matrix  of  Options  for  Performance  of  Verification  Functions 


Possible  Management  Options 


Function 


Establish  Criteria* 


USGS 


USGS 


USGS 


Prepare  Plan 


Check  Plan 


Approve  Plan* 


Provide  Appeal 
Route 


Implement  Plan 


Monitor  Implemen- 
tation 


Failure  Reporting* 
and  Analysis 


Audit  Implemen- 
tation * 


Industry 


USGS/  ** 
contractor 


USGS 


USGS 


Third 

Parties 


USGS/ 

contractor 


USGS 


USGS 


Third 

Party 


USGS/ 

contractor 


USGS 


USGS 


Third 

Parties 


USGS/ 

contractor 


USGS 


USGS 


Third 

Party 

Contractor 

USGS 

USGS 


Third 

Parties 


USGS/ 

contractor 


USGS 


USGS 


* F m<  tions  considered  to  be  Government  responsibilities 

* • . /contractor  means,  USGS  personnel  undertakes  part  of  the  function 
i i ray  use  contractors  to  assist  for  selected  defineable  portions. 


in  the  design,  etc.,  of  the  structure  involved.* 

The  "implement  plan"  function  will  require  the  maximum 
number  of  capable  personnel.  If  this  function  is  performed 
by  the  USGS,  a large  staff  would  be  necessary,  particularly 
to  handle  peak-activity  periods;  furthermore,  scheduling 
the  government  personnel  to  inspect,  review,  etc.  could 
impose  considerable  unwanted  delays.  This  function,  however, 
can  be  carried  out  by  industry,  using  qualified  verification 
agents  with  the  necessary  skills  who  may  be  individuals  or 
companies  that  have  no  corporate  affiliation  with  the  owner/ 
operator  of  the  particular  structural  platform  being  verified. 
The  operator's  choice  of  third-party  verification  agents 
would  be  submitted  in  the  verification  plan  for  the  USGS 
approval . 

A highly  competent  USGS  staff  will  be  necessary  to 
monitor  the  implementation  function  properly  ("monitor  im- 
plementation"). By  using  monitor  contractors,  the  size  of 
the  staff  can  be  kept  to  a minimum;  however,  the  USGS 
auditors  should  be  used  to  spot  check  the  entire  implemen- 
tation program. 

The  utilization  of  other  agencies  such  as  the  Navy  and 
the  Coast  Guard  in  the  verification  process  was  considered 
by  the  panel.  For  example,  the  USCG  experience  which  could 
be  applied  to  parts  of  verification  include: 

° Safety  of  life  at  sea; 

° Pollution  cleanup; 

0 Effective  relationships  with  groups  such  as 
ABS , technical  societies,  Intergovernmental 
Maritime  Consultative  Organization  (IMCO); 

0 Ship  certification; 

° Failure  and  accident  investigations;  and, 

0 Ongoing  USCG  marine  engineering  research 
and  ship  operations. 


* It  i s not  believed  necessary  nor  advisable,  as  indicated  in 
the  Aerospace  options,  for  the  consulting  firms  to  divest 
themselves  of  other  offshore  design  and  engineering  work  to 
be  qualified  for  such  effort.  In  fact,  the  overriding  re- 
quirement is  for  the  expertise  that  can  only  be  developed  by 
being  technically  involved. 


The  assignment  of  a group  of  USCG  technical  personnel 
might  be  considered  for  a two-  to  five-year  period  to  aid 
in  the  verification  system  while  a permanent  USGS  staff  is 
formed.  As  the  USGS  competence  was  developed,  the  assigned 
USCG  staff  would  be  terminated. 

Separation  of  the  development  and  regulatory  functions 
by  assignment  of  the  latter  to  another  agency  to  ensure 
public  credibility  was  discussed  by  the  panel.  However,  in 
view  of  the  statutory  basis  for  the  USGS,  which  is  discussed 
later,  and  the  fact  that  meaningful  regulation  is  dependent 
upon  the  understanding  of  the  associated  technology,  this 
option  may  not  be  feasible  at  this  time. 


REQUIREMENTS  FOR  ESTABLISHMENT  OF  PROGRAM 


A great  amount  of  effort  will  be  required  by  the  USGS 
to  institute  a valid  third-party  verification  plan.  Besides 
the  sizable  task  of  recruiting  personnel,  numerous  imple- 
menting documents  must  be  developed  including  a substantial 
policy  guidance  document.  It  is  also  necessary  that  industry 
shift  to  independent  reviewers  and  inspectors.  This  will 
understandably  cause  a certain  realignment  of  expertise 
within  the  industry  and  will  take  time. 


Transition  Period 

The  industries  that  are  affected  by  a verification  pro- 
gram are  those  that  are  involved  in  the  exploration,  produc- 
tion, and  recovery  of  petroleum  and  gas  resources.  These 
include  designers,  builders,  and  operators.  Their  primary 
concern  is  not  with  the  concept  of  structural  verification, 
but  rather  with  the  potential  problems  resulting  from  a 
system  that  is  poorly  conceived  or  administered.  The  panel 
identified  the  negative  effects  that  could  occur  if  a veri- 
fication system  is  adopted  too  hastily,  such  as  delays  in 
the  updating  of  regulations;  use  of  inadequate  criteria  or 
an  appearance  of  "waivers"  or  "exceptions"  in  the  application 
of  the  system;  an  overdependence  on  "following  codes"  rather 
than  "good  engineering."  It  noted  that  opposing  views  of 
regulations  by  individual  verifying  agents  or  regional 
offices  would  have  a frustrating  effect  on  operators, 
designers,  and  builders,  and  that  technical  development 
could  be  inhibited  due  to  the  lack  of  technical  competence 
or  lack  of  experience  of  verifying  agents  or  USGS  approving 
officials. 

By  establishing  a transition  period  with  specified  time- 
linked  milestones  to  be  reached  during  this  period,  govern- 
ment and  industry  can  proceed  in  an  orderly  manner  to  the 
implementation  of  a full  third-party  verification  program 
designed  to  avoid  these  pitfalls. 

While  it  is  important  to  assure  that  the  implementation 
of  the  third-party  verification  program  is  established  in  an 
orderly  manner,  it  is  also  necessary  that  the  continuity  of 
the  development  of  offshore  energy  is  not  unduly  interrupted 
or  delayed  by  the  verification  implementation  process.  The 
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USGS , the  Congress,  the  Executive  Branch  and  their  budgeting 
offices,  and  industry  must  take  appropriate  actions,  par- 
ticularly with  respect  to  the  USGS  personnel  requirements 
and  third-party  verification  agents  to  minimize  the  delays. 

Many  of  the  milestones  to  be  achieved  during  the  tran- 
sition period  are  readily  evident  by  reviewing  the  program 
policy  document  outlined  in  Appendix  D.  In  fact  as  will  be 
noted,  the  policy  document  itself  will  take  considerable 
time  to  develop  and  may  undergo  modification  during  the 
transition  period  as  the  USGS  gains  the  necessary  manage- 
ment staff. 

Table  III  outlines  the  requirements  for  the  orderly 
establishment  of  the  ultimate  third-party  verification 
program  in  relation  to  the  transition  period.  These  re- 
quirements are  discussed  in  the  following  paragraphs. 


Board  of  Consultants 

A board  of  consultants  should  be  named  by  the  USGS  at 
the  beginning  of  the  transition  period  and  become  an  inte- 
gral part  of  the  third-party  verification  program.  As 
noted  in  Table  III,  the  board  would  perform  a variety  of 
functions  on  a continuing  basis.  It  would  guide  the  USGS 
in  the  development  and  review  of  proposed  environmental 
design  conditions  and  construction  practices  (by  geographical 
area  and  structural  type)  and  provide  recommendations  for 
verification  procedures,  and  for  the  qualifications  of  third- 
party  reviewers.  It  is  important  that  this  board  is  in 
place  and  functioning  before  the  USGS  issues  environmental 
design  conditions  and  construction  practices  for  third 
party  and  industry  use  in  a given  area  of  OCS  operations. 

The  USGS,  however,  would  be  responsible  for  the  final 
deci sions . 

Because  of  its  function  and  close  working  relationship 
with  the  USGS,  the  board  must  reflect  a high  level  of  tech- 
nical knowledge  from  industry,  academia,  and  government, 
and  it  must  also  reflect  the  needs  of  the  public.  The  board 
need  not  be  made  up  entirely  of  technical  experts. 


Program  Policy  Document 

This  document  is  considered  to  be  necessary  to  ensure 
consistent,  logical  enforcement  throughout  the  several  USGS 
regions . 
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requirements  fc  h establishment  ny  vj  :h  j ku  ati  r ruc.  ram 


Item  Needed 

Description  of  Need's  and  Sources  of  Information  and  Assistance 

Notes  and  Transition  Steps 

Third  Party  System 

1.  Proqram  Policy  Document 

Necessary  to  insure  consistent,  iogi- 
cal,  enforcement.  USGS  can  adopt 
outline  based  on  one  provided  herein 
as  an  interim  document. 

USGS  should  develop  locument  based 
on  outline  provided  herein.  Can 
use  Regional  Office  help  in  devel- 
oping document.  Board  of  Consul- 
tants*should  assist  JSGS  managemert 
m reviewing  policy  before  it  is 
promulgated  by  Federal  Register 
Route**  to  assure  broad  input. 

2.  USGS  Requlation  Requit- 
ing Ver if ication  of 
Structural  Integrity 

Leqal  Necessity.  USGS  can  publish 
an  "Intent  to  adopt  regulation  using 
outline  based  on  present  recommen- 
dations as  "interim  requlation"." 

USGS  should  develop  Proposed 
Ruling  based  on  recorimenda t ions 
provided  herein;  and  should  use 
Board  of  Consultants*  and  Federal 
Register  Route**  to  issure  broad 
i nput  . 

1.  Recommended  Practices 
(Desiqn  Procedures, 
Standards,  Codes,  etc.) 

Necessary  part  of  system.  USGS  can 
include  in  publication  of  "Intent  to 
adopt  regulation"  and  "interim  regu- 
lation" noted  above  in  Item  2. 

Material  can  be  taken,  as  appropriate, 
from  existing  versions  of  OCS  Order 
#8  . 

USGS  should  use  Board  of  Consul- 
tants* and  USGS  contractors  to 
develop  these  from  the  Recom- 
mended Practices,  Specifications, 
Standards,  and  Codes  not  in 
existence.  They  can  then  be  pro- 
mulgated usinq  the  Federal  Reqister 
Route.**  These  items  can  then  be 
updated  and  amended  as  needed  by 
the  same  process  as  the  system 
develops  in  actual  operation. 

4.  Environmental  Design 
Conditions  (for  desiqn 
and  operation) 

Same  as  for  Item  i 

USGS  should  use  Board  of  Consul- 
tants* and  USGS  contractors  to 
, develop  these  from  the  best 

current ly-avai lable  information, 
and  promulgated  by  the  Federal 
Register  Route.**  They  can 
then  be  updated  and  amended 
i as  needed.  These  conditions 
* should  be  specified  only  in 
terms  comparable  to  "100- 
year  storms"  and  not  in  terms 
of  specific  wave  heights,  etc. 
The  specific  numbers  will  be 
a part  of  the  p^an  submitted 
and  approved  for  each  structure 
and  need  not  be  specified  in  the 
regulations  if  the  reviewing, 
verifying,  and  approving  per- 
sonnel are  truly  competent. 

S.  Qualifi  i*.  n Standards 
for  Third-Tarty  Personnel 

Nec-ssary  part  ot  system.  USGS  can 
b>-qm  wit.h  simple  requirements  tor: 
"Registered  Professional  Engineer 

<r  qualified  companies  with  experience 
in  design  of  offshore  structure  «s " and 
"Qualified  Inspector  with  experience 
:n  inspection  t,  quality  control  in  con- 
struction of  offshore  structures." 

Both  should  be  "Third  Parties"  as  de- 
fined by  USGS  in  Fed.  Reg . of  Tan. 

29,  1976. 

The  final  qualification  standards 
should  also  be  developed  by  the 
Board  f Consultants ,*  and  promul- 
gated throuqh  the  Federal  Register.** 
Third  parties  are  individuals  or 
companies  having  no  participation 
in  design,  fabrication,  installation 
or  operation  of  the  platform  to  be 
verified  or  corporate  affiliation 
with  companies  who  do. 

6.  Internal  USGS  Procedures 

Essentially  same  as  for  Item  l. 

Essentially  same  as  for  Item  1. 

7.  Acquisition  and  Training  , 
of  Personnel 

■ 

il 

obtiai  n»-.i . 

... 

• -r  It  (US)  or  ot  ht'i 

' | • . 
ietailed  Mf;.:-  ? .•  » . •.>*.»  1 . - . - 

o • r ' . r . t • - . ' . • ; • 1 * ’ 

font  inu-it  i -n  of  transition  period 
efforts 

raci 

from  academia,  industry,  and  the  public.  ft  hould  be-  us«-  1 • n .»  c ntmuin 
basis  to  update  1 1 ems  1 through  *■  .is  needed. 


»»’PcilLi^i  KuuLc"  onsists  f . I’ubli'  1'  ' i r , • .1  £odera]  f<VJASi- 

t«r.  Receipt  and  response  t'>  c*  mrw  r * writt*v  r f .!  t • » r • i * i • '>  : i iiti-’s;  md  Final 

Promulgation  by  publication  in  Federal  R^jist*  i. 
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The  final  document  should  be  reviewed  by  the  board  of 
consultants  and  then  published  in  the  Federal  Register  to 
assure  broad  input  and  wide  acceptance.  In  the  transition 
period,  an  abbreviated  interim  version  could  be  published 
in  the  Federal  Register.  An  example  of  such  a document  was 
prepared  for  the  panel  and  has  been  included  as  Appendix  D. 

The  USGS  staff  should  seek  advice  of  the  board  of 
consultants  and  others  to  aid  in  the  preparation  of  a 
credible  schedule  for  transition  milestones.  Program  pro- 
gress will  dictate  the  necessity  for  adjustments  to  the 
transition  milestone  dates,  and  depend  not  only  upon  the 
USGS  efforts,  but  also  upon  appropriate  funding  and  the 
recruitment  of  key  technical  personnel. 

Early  development  and  publication  of  the  program  policy 
document  and  transition  milestone  dates  and  the  achievement 
thereof  is  necessary  to  assure  the  government,  the  Congress, 
and  the  public  of  the  viability  of  the  transition  period  as 
well  as  the  succeeding  third-party  verification  program. 


Requirements  Regulation 

A regulation  requiring  a verification  plan  for  each  OCS 
structure  is  a legal  necessity.  The  USGS  should  develop  a 
Proposed  Ruling  based  on  the  recommendations  provided  herein; 
and  should  use  the  above-noted  board  of  consultants  and  the 
Federal  Register  publication  process  to  assure  broad  input. 

As  with  the  program  policy  document,  the  final  document  can 
be  developed  with  assistance  from  the  USGS  Regional  Offices. 


Recommended  Practices,  Design  Standards,  and  Codes 

The  USGS  can  adopt,  by  reference,  the  various  Recom- 
mended Practices,  Specif ications , Standards,  and  Codes  now 
cited  in  existing  OCS  Orders  using  the  Federal  Register 
process.  It  must  be  noted,  however,  that  some  of  these 
documents  are  incomplete,  contradictory,  out-of-date,  some- 
times too  explicit,  and  sometimes  too  vague.  As  a result, 
their  literal  application  would  stifle  design  and  construc- 
tion. The  effort  demanded  by  step  3 of  Table  II  (p.  32)  to 
get  procedurally  satisfactory  documents  is  considerable. 
Technically,  the  available  documents,  when  coupled  with  en- 
gineering judgment,  are  adequate  as  guidelines;  but,  they 
are  not  adequate  as  documents  for  verification.  These  items 
can  be  updated  and  amended  by  the  board  of  consultants 
through  the  same  process  as  the  system  develops. 
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Environmental  Design  Conditions 

Some  specification  of  the  environmental  conditions  which 
the  structure  must  withstand  is  needed.  The  USGS  can  begin 
with  the  "conditions"  now  specified  in  the  various  versions 
of  OCS  Order  No.  3 as  part  of  the  adoption  of  "Procedures" 
noted  above.  This  should  be  updated  and  amended  as  soon  as 
feasible  using  the ' board  of  consultants.  These  conditions 
should  be  specified  only  in  terms  of  general  conditions 
such  as  100-year  storms,  ice  loadings,  and  seismic  activity. 
Unusual  geological  conditions  such  as  subbottom  faulting, 
potential  slumping,  and  turbidity  currents  may  be  pertinent 
to  the  particular  offshore  areas  and  addressed  in  the  veri- 
fication plan.  They  would  have  also  been  addressed  in  both 
the  pre-leasing  studies  by  the  Bureau  of  Land  Management 
(BLM)/USGS,  as  well  as  in  petroleum  drilling  and  wellhead 
completion  operations.  The  specific  numbers  of  data  such 
as  wave  heights  and  amounts  of  ice  or  the  particulars  for 
obtaining  such  data  will  be  part  of  the  verification  plan 
submitted  for  each  structure.  Being  site  specific,  they 
would  not  normally  be  specified  in  the  regulations.  Compe- 
tent specialists  will  be  necessary  for  reviewing,  verifying, 
and  approving  the  environmental  data  to  be  used  as  the  con- 
ditions for  design.  This  area,  among  others,  requires  con- 
tinuing research. 


Qualification  Standards  for  Third-Party  Verification  Agents 

< 

In  reviewing  the  availability  of  third-party  verifica- 
tion agents  the  panel  considered,  in  depth,  the  potential 
sources  of  technically  qualified  agents. 

As  a standard  engineering  practice,  the  operator  and 
the  industry  contractors  conduct  design  reviews  and  in- 
spect the  quality  of  fabrication.  To  accomplish  this, 
expertise  has  to  be  drawn  from  in-house  teams  as  well  as 
from  outside  contractors  and  consultants. 

Since  the  personnel  nominated  by  operators  to  conduct 
the  actual  verification  (review  and  inspection)  functions 
are  subject  to  approval  by  the  USGS,  standards  must  be 
established  for  their  approval.  During  the  transition 
period,  the  USGS  can  begin  with  simple  requirements  such  as 
"Registered  Professional  Engineer  with  experience  in  design 
of  offshore  structures,"  and  "Qualified  Inspector  with  ex- 
perience in  inspection  and  quality  control  in  construction 
of  offshore  structures."  Verification  agents  may  be  from 
the  applicant's  firm,  provided  they  have  not  been  directly 
involved  in  performing  the  work  being  verified.  From  ini- 
tiation of  the  transition  period,  "third  parties"  or  firms 
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as  defined  by  the  USGS  in  the  Federal  Register  of  January  29, 
1976  should  be  used  when  possible.  By  completion  or  the 
transition  period,  only  independent  third  parties  or  firms 
should  be  selected  for  each  particular  structure.  Profes- 
sional standards  would  be  the  standards  amplified  during 
the  transition  period  by  the  board  of  consultants,  and 
promulgated  through  publication  in  the  Federal  Register. 


Internal  USGS  Procedures 

The  requisite  internal  USGS  procedures  for  implementing 
the  system  can  be  developed  in  essentially  the  same  manner 
as  described  for  the  program  policy  document.  However, 
since  these  are  internal  procedures,  they  can  probably  be 
developed  initially  in  a slightly  more  informal  manner. 


The  USGS  Personnel 

Many  skills  requiring  experience  in  offshore  operations 
are  integrated  into  the  design  of  a safe  and  efficient  plat- 
form system.  The  system  is  designed  to  meet  a multitude  of 
factors  such  as  drilling  and  production  and  environmental 
conditions  as  well  as  fabrication  and  installation  tech- 
niques. Verification  programs  require  a combination  of 
experience,  technical  training,  and  management  skill  of 
all  personnel  in  order  to  be  effective. 

It  is  evident,  therefore,  that  in  addition  to  regula- 
tory and  verification  management  ability,  the  USGS  should 
have  personnel  possessing  skills  in  the  following  disciplines: 


Drilling  Technology 

Geology 

Geophysics 

Geotechnical  Engineering 

Hydrodynamics 

Ice  Engineering 

Meteorology 

Oceanography 

Seismology 


Construction  Engineering 
Installation  Engineering 
Marine  Engineering 
Materials  Engineering  (concrete) 
Materials  Engineering  (steel) 
Naval  Architecture 
Production  Engineering 
Quality  & Inspection  Engineering 
Structural  Engineering  (concrete) 
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Statistics 


Structural  Engineering  (steel 
frame ) 


Systems  Engineering 


Welding  Engineering 


Acquisition  and  Training  of  the  USGS  Personnel 

Recruitment  should  be  immediately  initiated  for  an 
acknowledged  leader  in  offshore  structure  technology  possess- 
ing management  skills  and  a keen  sensitivity  to  the  inter- 
action of  the  structure  with  environmental  factors. 

Recruitment  should  follow  for  other  senior  specialists 
and  managerial  skilled  offshore  engineers  with  the  realiza- 
tion that  it  will  take  a significant  amount  of  time.  Con- 
tracts to  gain  additional  support  for  specific  efforts 
would  be  contingent  on  sufficient  in-house  expertise  to 
monitor  these  efforts  properly. 

The  USGS  will  need  to  recruit  from  the  offshore  industry 
and  its  supporting  contractors  in  order  to  obtain  personnel 
with  the  appropriate  experience.  It  will  probably  be  neces- 
sary to  work  closely  with  the  Civil  Service  Commission  so 
that  sufficiently  high  ratings  are  available  for  those  who 
meet  the  stringent  qualifications  that  will  be  required. 

The  USGS  may  also  wish  to  consider  other  methods  to  find 
such  talent: 

0 A government-industry  personnel  interchange 
program; 

° Arranging  an  assignment  of  qualified  personnel 
from  other  government  agencies; 

° Contracts  with  various  segments  of  the 

supporting  offshore  consulting,  servicing, 
and  classification  organizations;  and, 

° Arranging  temporary  hiring  of  academic 
personnel  knowledgeable  in  offshore 
engineering . 


Other  Personnel  Considerations  for  the  USGS 

The  overall  success  of  the  verification  system  depends 
not  only  on  the  competence  but  also  on  the  continued  dedi- 
cation of  its  personnel.  The  USGS  personnel  will  have, 
through  the  verification  process,  a significant  impact  on 
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offshore  oil  and  gas  production.  Therefore,  it  is  incumbent 
upon  the  USGS  that  its  personnel  maintains  its  competence, 
enthusiasm,  and  objectivity  by  active  participation  in  the 
various  verification  functions,  close  contact  with  support- 
ing research  and  development  activities  and  participation 
in  appropriate  technical  society  activities. 

Since  not  only  senior  level  experienced  offshore  en- 
gineers will  be  recruited  but  also  engineers  who  have  other 
applicable  experience,  it  will  be  necessary  to  initiate  inten- 
sive training  courses  in  offshore  technology.  (An  example 
of  the  breadth  and  scope  of  training  applied  to  another  as- 
pect of  oil  field  operations  has  been  detailed  for  the 
panel  by  Rupert  C.  Craze  in  Appendix  E.)  Engineering 
colleges  that  have  curricula  with  a heavy  concentration  of 
offshore  courses  as  well  as  various  segments  of  the  off- 
shore industry  should  be  consulted  for  training  programs 
that  would  reflect  new  technologies,  operations  techniques, 
and  scientific  knowledge. 


Intergovernmental  Agency  Cooperation 

Although  the  USGS  will  have  primary  responsibility 
for  the  verification  system,  it  will  need  the  cooperation 
of  other  government  agencies  to  initiate  the  program.  In 
particular,  the  Civil  Service  Commission  should  be  consulted 
at  the  outset  so  that  the  USGS  has  the  flexibility  to  employ 
the  highly  qualified  people  it  will  require.  In  addition, 
the  Office  of  Management  and  Budget  should  be  apprised  of 
the  need,  scope,  and  details  of  the  system,  so  that  the 
USGS  can  benefit  from  their  advice  on  its  implementation. 


Research  and  Development  Implications 

Despite  the  need  for  continuing  revision  and  forma- 
lization, the  present  design  procedures,  standards,  and  codes 
are  deemed  satisfactory  for  initiating  a verification 
system.  This  is  evidenced  by  the  record  of  structural 
integrity  of  existing  offshore  structures.  However,  with 
the  extension  of  platform  construction  into  harsher  areas, 
design  and  construction  procedures,  standards,  codes,  and 
environmental  conditions  will  require  continued  research 
support  from  both  industry  and  the  government.  The  verifi- 
cation system  should  utilize  the  existing  procedures  and 
standards  as  a starting  point.  The  formal  specification 
of  environmental  design  conditions  should  receive  priority 
because  the  task  is  far  from  simple  and  requires  lead  time 
to  collect  critical  data.  Both  now  and  in  th<  I iture,  this 
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will  involve  quantification  of  environmental  conditions  for 
design  purposes,  determination  of  acceptable  intervals  of 
extreme  occurrences,  and  determination  of  minimum  design 
requirements  either  for  extreme  loads  or  for  complete  load 
spectra. 

Determination  of  the  appropriate  loads  based  on  specific 
conditions  and  intervals  is  another  R&D  priority.  Further, 
the  quantified  load  values  are  subject  to  revision  as  addi- 
tional environmental  data  are  acquired  and  as  improved 
methods  are  developed  for  conversion  into  energy  forces. 

Many  of  the  current  design  procedures  and  standards  are  in 
the  process  of  revision  and  will  continue  to  be  revised 
in  the  foreseeable  future. 


LEGAL  CONSIDERATIONS 


The  USGS  has  the  authority  to  regulate  oil  and  gas 
structures  with  respect  to  protection  of  the  environment 
and  the  conservation  of  natural  resources  on  the  OCS . 
However,  as  oil  and  gas  operations  move  further  from  shore 
and  into  harsher  conditions  the  protection  of  human  lives 
will  become  a greater  problem  since  many  platforms  may  be 
continuously  manned,  during  periods  of  both  calm  and  high 
seas . 


Today,  the  USGS's  major  detailed  regulations  concerning 
the  safety  and  integrity  of  offshore  structures  are  found 
in  OCS  Order  8,  which  refers  to  30  CFR  250.11  and  .19(a) 
as  authority.  Part  250  of  the  Code  of  Federal  Regulations 
refers  in  turn  to  the  legislative  mandate  in  the  Outer 
Continental  Shelf  Lands  Act  (OCSLA) , 43  USC  1334,  as  its 
statutory  authority.  OCSLA  authorizes  the  Secretary  of  the 
Interior,  and  by  delegation,  the  USGS  to: 

prescribe  and  amend ...  rules  and  regulations... 
as  may  be  necessary  and  proper  in  order  to 
provide  for  the  prevention  of  waste  and  con- 
servation of  natural  resources  of  the  Outer 
Continental  Shelf  and  the  protection  of 
correlative  rights  herein. . . 

(43  USC  1334)  (a)  (1) . 

Thus  the  key  language  on  which  the  USGS's  authority  to 
require  verification  rests  is  that  of  waste,  conservation, 
and  correlative  rights,  not  safety.  There  is  a question 
as  to  whether  the  language  can  be  interpreted  to  cover  the 
protection  of  human  life,  as  well  as  of  the  environment  and 
safety  of  the  structure  that  the  panel  considers  to  be  vital. 
Contrast,  for  example,  the  statutory  language  of  the  Coast 
Guard's  safety  responsibilities  for  the  same  structures. 

The  Coast  Guard  has  the  authority  to  make  and  enforce  regu- 
lations : 

...with  respect  to  lights  and  other  warning 
devices,  safety  equipment,  and  other  matters 
relating  to  the  promotion  of  safety  of  life 
and  property. . . 

(43  USC  1333)  (e)  (1)  . 
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Another  possible  statutory  base  lies  in  section  1333  (a)  (1) 

of  the  OCSLA,  which  extends  the  laws  of  the  United  States  to 
all  oil  and  gas  artificial  islands  and  fixed  structures  on 
the  outer  continental  shelf.  The  Mineral  Leasing  Act  of 
1920  (30  USC  21  et  seq.)  provides  that  the  USGS,  by  delega- 
tion shall  have  authority: 

...to  prescribe  necessary  and  proper  rules 
and  regulations  and  to  do  any  and  all 
things  necessary  to  carry  out  and  accomplish 
the  purpose  of  this  chapter... 

(30  USC  189) . 

The  USGS  thus  has  a clear  mandate  for  safety  on  land  that 
would  cover  the  verification  program.  The  general  lan- 
guage of  section  1333  might  be  interpreted  as  providing  an 
extension  of  the  mandate  oceanward.  And,  existing  regula- 
tions in  30  CFR  Part  221,  Oil  and  Gas  Operating  Regulations, 
provide  ample  scope  for  safety  and  environmental  concerns 
of  verification.  However,  following  section  189,  there  is 
an  explicit  statement  that  rules  and  regulations  with 
respect  to  tracts  on  the  OCS  leased  for  mining  are  to  be 
prescribed  by  the  Secretary,  citing  the  familiar  section 
1334  of  OCSLA. 

The  adequacy  of  the  legislative  mandate  to  the  USGS 
with  respect  to  human  safety  is  thus  open  to  question.  A 
practical  issue  is  whether  it  is  likely  to  be  challenged  in 
court.  If  industry  plays  a part  in  the  setting  of  the 
standards  and  establishment  of  the  verification  procedures, 
and  is  reasonably  content  with  the  outcome,  it  is  unlikely 
to  challenge  USGS  authority.  Public  interest  groups  might 
challenge  the  authority  as  well  as  the  substance,  if  they 
thought  the  USGS  authority  was  inadequate,  and  if  they 
believed  pressure  on  Congress  might  result  in  a tougher 
perspective.  Until  this  issue  has  been  clarified,  exercise 
of  the  USGS  current  safety  oriented  activities  in  response 
to  its  "conservation"  mandate  provides  a basis  for  designing 
(and  probably  implementing)  the  verification  scheme. 


COST  CONSIDERATIONS 


Costs  associated  with  verification  systems  can  only  be 
approximated;  for  example,  it  is  difficult  to  determine 
the  added  costs  industry  must  absorb  with  a separate  design 
review  conducted  by  a third  party.  In  some  cases,  industry 
might  elect  to  use  the  results  of  certain  portions  of  a 
third-party  verification  to  satisfy  parts  of  their  internal 
review  requirements.  In  most  cases,  they  will  probably 
elect  to  undertake  separate  in-house  reviews. 

Another  important  consideration  affecting  costs  is  the 
number  and  complexity  of  platforms  to  be  constructed.  It  has 
been  estimated  that  about  25  major  platforms  will  be  built 
in  new  U.S.  waters  per  year  in  the  coming  five  years.  The 
costs  can  range  from  $30  million  to  $150  million  each, 
depending  on  their  size,  the  site  of  installation,  and  the 
objectives  of  the  platform.  Also,  the  additional  costs 
assignable  to  verification  to  obtain  environmental  data, 
whether  incurred  by  industry  or  government,  would  be  dif- 
ficult to  establish. 

A verification  system  might  result  in  a "saving."  For 
example,  a third-party  review  process  may  assure  that  one  or 
more  structures  survives  a storm.  On  the  other  hand,  the 
verification  system  could  add  to  costs  by  delays  that  could 
result  in  shifting  the  installation  of  the  structure  to 
the  next  weather-suitable  construction  season.  Thus,  an 
accurate  and  totally  defensible  tabulation  of  real  costs  is 
unattainable. 

The  panel's  best  estimate  of  the  cost  of  a verification 
program  is  approximately  one  percent  of  the  total  platform 
cost  to  the  USGS  for  personnel  to  administer  and  monitor 
the  system,  and  two  percent  of  the  total  platform  cost  for 
industry,  to  cover  its  costs  for  e.vlra  documentation,  reviews, 
and  inspection. 
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CONCLUSIONS 


Although  the  record  of  safety  for  offshore  platforms 
has  been  excellent,  the  panel  finds  that  the  nrooosed  third- 
party  verification  program  for  new  offshore  platforms  will 
enhance  the  orderly  extension  of  OCS  oil  and  gas  activities 
in  an  expeditious  and  efficient  way  by  assuring  the  public 
and  the  Congress  of  the  integrity  of  the  fixed  offshore 
platforms . A secondary  benefit  will  be  a more  uniform 
application  of  current  technology.  Specific  conclusions 
follow; 

° A commitment  by  the  USGS  for  sufficient, 
qualified  personnel  is  required  for  initial 
and  later  implementation  of  the  program. 

° A transition  period  is  needed  during 
which  time  the  verification  procedure 
is  established  in  order  to  avoid  dis- 
ruption of  the  present  orderly  develop- 
ment of  the  OCS  and  to  utilize  existing 
technical  experitise  fully. 

4 

0 While  a verification  system  can  provide 
documentation  that  design,  fabrication, 
installation,  inspection,  and  maintenance 
is  in  compliance  with  applicable  criteria, 
guides,  specifications,  and  codes,  it  can 
reduce,  but  not  entirely  eliminate,  the 
possibility  that  a structural  failure  may 
result  from  conditions  caused  by  the 
environment  or  man. 

° An  ineffective  or  poorly  executed  or 
overly  detailed  and  rigid  verification 
system  can  introduce  inordinate  delays 
that  may  disrupt  the  orderly  develop- 
ment of  energy  resources  on  the  OCS, 
and  may  even  increase  the  probability 
of  accidents. 

0 There  are  four  major  functions  of  a 
verification  system  to  assure  that 
performance  criteria  are  met:  systems 
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management;  establishment  of  environ- 
mental conditions,  design  and  con- 
struction procedures;  promulgation 
of  recommended  practices  for  design 
and  construction;  and  implementation 
of  the  verification  procedures.  No 
organization  or  agency,  as  presently 
constituted,  is  entirely  suitable 
for  implementation  of  the  total 
verification  system  or  for  providing 
the  systems  management  function. 

0 The  management  of  verification  needs 
to  reside  in  the  USGS  and  not  be 
delegated;  the  environmental  design 
conditions  and  recommended  practices 
for  design  and  construction  should  be 
established  by  the  USGS  (utilizing  input 
from  industry,  professional  societies, 
universities,  individual  experts,  and 
public  groups) . The  implementation  of 
verification  procedures  should  be 
delegated  to  independent  third  parties 
nominated  by  the  operator  and  approved 
by  the  USGS  within  appropriate  guide- 
lines. 

° The  presently  available  technology 

(design  procedures,  standards,  codes,  and 
environmental  data)  is  capable  of 
supporting  the  initiation  of  an 
adequate  verification  system  for  the 
U.S.  OCS  platform  locations.  However, 
there  are  two  critical  factors  in 
implementing  the  proposed  third-party 
verification  program: 

(a)  Consolidation  and  documentation, 

on  a continuing  basis,  of: 

--  environmental  deuign  conditions, 

--  recommended  practices  for  design 
and  construction, 

--  qualifications  for  third-party 
personnel,  and 

--  verification  implementation 
procedures . 
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(b)  The  availability  of  personnel 
with  technical  capability  and 
experience  in  offshore  practice 
to  support  the  associated  effort, 
both  in  government  and  industry. 

° Immediate  requirements  for  the  initiation 
and  operation  of  a verification  system  are: 

...adequate  staffing  in  the  USGS  with 
qualified  personnel  to  carry  out 
the  management  function; 

. . .establishment  of  a board  of  consul- 
tants. 

An  adequate  transition  period  is  considered 
essential.  The  fully  independent  verifica- 
tion system  should  not  be  initiated  until  the 
USGS  has  the  capability  to  manage  it,  and 
the  associated  policy,  codes,  specifications, 
and  procedures  needed  for  implementation  of 
the  system. 

0 In  view  of  the  difficulties  likely  to  be 
encountered  as  offshore  technology  is 
applied  in  harsher  environments,  the 
current  level  of  onoging  research  and 
development  in  industry  and  government 
must  be  sustained  and  preferably  raised 
to  maintain  and  enhance  the  status  of 
the  technology. 

0 The  USGS  verification  personnel  must  be 
encouraged  to  participate  in  activities 
that  will  result  in  maintaining  and  up- 
dating their  technical  competence. 

Government  personnel  training  through 
a cooperative  program  within  the  industry, 
such  as  is  practiced  by  the  U.S.  Coast 
Guard  and  several  other  agencies,  as  well 
as  specialized  courses  from  universities 
having  strong  curricula  in  offshore  struc- 
ture engineering,  can  help  maintain 
technical  proficiency.  In  addition,  the 
USGS  personnel  should  be  encouraged  to 
participate  in  professional  society 
activities  and  conferences  in  the  U.S. 
and  overseas. 


50 


0 The  adequacy  of  the  USGS  statutory 
basis  with  respect  to  human  safety  on 


structures  which  may  remain  manned 
during  storms  needs  clarification. 


RECOMMENDATIONS 


Based  on  its  study  of  the  needs,  benefits,  costs,  and 
probable  effects  of  verification,  the  panel  recommends  that 
a third-party  verification  system  be  implemented  by  the 
U.S.  Geological  Survey.  This  recommendation  is  made  with 
the  recognition  that  a significant  commitment  of  effort  and 
funding  by  the  USGS  and  the  industry  will  be  required  to 
ensure  an  effective  and  constructive  system. 

To  aid  in  establishing  and  operating  the  system,  the 
panel  offers  a series  of  recommendations,  many  of  which 
are  interdependent.  In  planning  and  executing  a verification 
system  careful  consideration  of  each  element  should  be  taken 
to  minimize  delays  created  by  the  procedure.  The  system 
must  be  flexible  and  adaptable  in  operation  to  accommodate 
new  technical  developments  and  the  time-consuming  step- 
wise process  of  designing,  building,  and  installing  a plat- 
form . 

(1)  A policy  document  should  be  prepared  by 
the  USGS  to  initiate  the  verification 
system.  The  document  should  establish 
that  the  primary  goal  is  to  enhance  the 
orderly  extension  of  oil  and  gas  acti- 
vities in  an  expeditious  and  efficient 

way  by  assuring  the  public  and  the  Congress 
of  the  integrity  of  the  fixed  offshore 
platforms.  The  document  should  define 
the  elements  of  the  verification  system 
and  the  policy  by  which  the  system  is 
implemented . 

(2)  The  principal  elements  that  should  be 
included  in  the  verification  system  are: 

(a)  establishment  of  environmental 
design  conditions  for  each 
offshore  area  and  each  class  of 
structure , 

(b)  documentation  and  promulgation 
of  recommended  design  and  con- 
struction practices, 
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(c)  submission  and  approval  of 
verification  plans, 

(d)  verification  of  design,  fab- 
rication, installation,  and 
enhancement  of  safety  through 
continuing  periodic  inspections, 

(e)  issuing  of  approvals  and  a permit 
to  operate, 

(f)  a rapid  and  effective  procedure 
for  appeals,  and 

(g)  provisions  for  auditing. 

(3)  The  USGS  should  establish  a continuing 
board  of  consultants  composed  of  repre- 
sentatives from  industry,  academia,  the 
public,  and  government  sectors,  to 
develop  and  review  environmental  design 
conditions  and  practices  (by  geographical 
area  and  structure  type) , verification 
procedures,  and  qualifications  of  third- 
party  reviewers. 

(4)  The  USGS  should  provide  guidelines  for 
submitting  acceptable  verification  plans 
f 02'  individual  projects.  Such  plans 
would  be  initiated  by  the  owner  or 
operator  and  should  describe  environ- 
mental and  operating  conditions  under 
which  the  structure  must  maintain  its 
integrity;  the  proposed  design,  fabri- 
cation, installation,  and  maintenance 
procedures;  descriptions  of  the  scope 

of  the  design  reviews,  inspection,  and 
testing;  and  identification  of  individuals 
or  organizations  who  will  act  as  the  third- 
party  reviewers. 

(5)  For  each  project,  the  following  general 
procedure  should  be  applied: 

(a)  The  owner  or  his  representative 
submits  a verification  plan  in 
accordance  with  the  USGS  guide- 
lines recommended  in  (4) . 
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(b)  The  USGS  accepts  the  submitted 
verification  plan  or  issues  a 
statement  concerning  specific 
corrections  required. 

(c)  Third-party  review  and  inspection 
is  done  in  accordance  with  the 
accepted  plan. 

(d)  The  USGS  acknowledges  compliance 
with  the  verification  program 
with  written  approval  and 
issuance  of  a permit  to  operate. 

(e)  For  cases  in  which  plans  or 
verification  practices  are 
contested,  an  appeal  procedure 
is  established  by  the  USGS, 
possibly  through  the  use  of  an 
ad  hoc  technical  panel  or  the 
board  of  consultants. 

(f)  Provisions  would  be  incorporated 
for  step-by-step  verification  and 
approval,  thus  allowing  actual 
work  to  be  initiated  in  a timely 
manner . 

(6)  The  USGS  should  directly  manage  and 
administer  the  verification  system. 
Although  the  board  of  consultants  will 
make  recommendations  about  the  system 
and  individual  consultants  may  be 
utilized  in  reviewing  verification  plans 
when  submitted,  the  USGS  should  not 
delegate  its  authority  and  responsibility 
for  establishing  environmental  design 
and  construction  conditions,  practices, 
and  verification  procedures.  This  also 
should  apply  to  approvals  of  individual 
verification  plans,  their  implementation, 
and  appeals. 
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(7)  The  panel  recommends  that,  to  be  qualified 
as  an  independent  verification  agent 
(design  reviewer  or  inspector) , the 
design  organization  or  personnel  may  not 
have  corporate  affiliation  with  the  owner 
or  operator;  nor  should  they  verify  any 
of  the  design,  fabrication,  installation,  or 
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operation  functions  or  parts  thereof  which 
they  or  a corporate  affiliate  have  per- 
formed for  the  specific  platform  being 
verified.  The  verification  agent  may  thus 
be  drawn  from  such  groups  as  consultants, 
engineering  companies,  and  verification 
societies  such  as  ABS  and  Det  norske 
Veritas,  provided  they  meet  the  particular 
technical  and  the  independence  qualifications. 

(8)  The  shift  from  the  present  USGS  system  to 
the  implementation  of  the  verification 
system  should  be  accomplished  in  an 
orderly  manner,  taking  into  consideration 
the  critical  shortage  of  qualified  per- 
sonnel, the  intergovernmental  agency 
cooperation  that  must  be  established, 

and  the  time  required  to  initiate  an 
effective  and  useful  system.  The 
USGS  should  establish  immediately 
the  board  of  consultants  and  develop 
environmental  design  and  construction 
practices.  During  a transition  period, 
an  owner  or  operator  could  continue  to 
use  existing  recommended  practices  and 
applicable  codes,  pending  the  adoption 
of  new  ones  by  the  USGS.  During  this 
transition  period,  in-house  design  approval 
by  a professional  engineer  in  lieu  of 
third-party  verification  could  be  continued, 
although  owners  and  operators  of  structures 
should  be  urged  by  the  USGS  to  progressively 
increase  their  use  of  independent  third 
parties  for  verification,  thus  phasing  out 
the  present  USGS  system. 

(9)  Only  when  the  USGS  is  staffed  adequately 
and  environmental  conditions  for  specific 
regions  have  been  established,  should 
verification  procedures  shift  from  those 
used  in  the  transition  period  to  those 
recommended  for  full  third-party  verification. 

(10)  It  is  to  be  expected  that  significant 

technical  questions  will  arise  from  the 
verification  process.  The  USGS  should 
take  positive  steps  to  insure  that 
necessary  research  programs  are  initiated. 
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(11)  Procedures  for  routine  reporting  of  plat- 
form structural  conditions  and  analysis 
should  be  established.  The  reporting 
can  be  implemented  using  the  present 
USGS  reporting  system  for  safety  devices. 

(12)  Accident  investigation  and  review  should 
be  undertaken  to  determine  the  probable 
cause  of  major  structural  failures,  or 
other  events  as  determined  to  be 
necessary.  Such  investigations  should 
be  reviewed  by  a board  similar  to  the 
National  Transportation  Safety  Board. 

(13)  The  USGS  should  aggressively  organize 
and  develop  a highly  competent  staff  in 
order  to  establish  and  operate  the  veri- 
fication system.  Positions  must  be 
established  with  civil  service  ratings 
of  sufficiently  high  grade  levels  to 
attract  highly  qualified  and  competent 
engineers  to  undertake  the  program. 

Prior  experience  in  offshore  work  is 
vital  for  these  key  people. 

(14)  The  USGS  personnel  involved  in  the 
administration  and  management  of  the 
verif ication  system  should  be  encouraged 
to  participate  in  technical  societies 
and  in  other  groups  concerned  with  OCS 
activities . 

(15)  Adequate  funding  for  the  management 
and  administration  of  the  verification 
system  needs  to  be  assured  by  the 
federal  government  prior  to  its 
implementation. 

(16)  Provision  should  be  made  by  the  USGS 
for  periodic  review  by  an  independent 
group  of  the  efficacy  and  deficiencies 
of  the  established  verification  system, 
with  appropriate  action  recommended  for 
alleviating  each  deficiency. 
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In  the  present  consideration  of  certification  of  off- 
shore fixed  platforms,  primary  emphasis  has  been  placed  on 
frontier  areas.  For  frontier  areas,  the  need  for  gathering 
new  knowledge  and  for  the  development  of  new  and  innovative 
engineering  methods  is  obvious.  Even  in  established  areas 
such  as  the  Gulf  of  Mexico,  there  is  a continuing  need  for 
extension  and  refinement  of  existing  technology. 

«.  Three  distinct  areas  of  investigation  should  be  recog- 

nized : 

(1)  acquisition  of  environmental  data  and  under- 
standing of  pertinen  processes  and  effects, 

(2)  development  of  methods  for  analysis,  design, 
and  construction,  and 

(3)  observation  of  performance  as  a basis  for 
refining  correlations  between  (1)  and  (2), 
for  improving  engineering  methods  and  for 
continuing  review  of  codes  and  regulations. 


History  of  Cooperative  Research 

The  world-wide  construction  of  offshore  platforms  dur- 
ing the  last  three  decades  constitutes  a truly  remarkable 
achievement.  In  terms  of  rapid  and  massive  development  of 
technology  and  especially  of  benefits  to  mankind,  it  is  in- 
teresting to  compare  it  to  the  conquest  of  outer  space.  1 

The  research  and  development  which  provided  the  basis 
for  the  accomplishment  have  had  an  interesting  history. 

The  earliest  platforms,  in  relatively  shallow  water,  were 
extensions  of  onshore  marsh  area  capabilities,  for  the  most 
part  on  a company-by-company  basis.  In  the  fifties,  there 
were  attempts  at  organizing  jointly-supported  research  ef- 
forts in  such  areas  as  wave  forces , structures  and  founda- 
tions. However,  it  soon  became  evident  that  a more  expedi-  I 

tious  and  effective  process  resulted  when  one  company  pro- 
vided the  leadership  for  a particular  research  effort  and 
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then  offered  the  results  on  a cost-sharing  basis  to  others. 
This  practice  continues  to  the  present  time,  although  in 
the  last  few  years  the  participation  has  broadened  greatly, 
with  projects  typically  involving  10  to  15  companies. 

Along  with  a broader  base  of  support  for  the  research  has 
come  more  rapid  and  widespread  dissemination  of  the  results. 
With  regard  to  fixed-platform  technology,  management  groups 
in  most  companies  have  come  into  agreement  with  technical 
people  that  proprietary  interests  are  minimal  and  that  it 
is  very  desirable  to  have  rapid  dissemination  through  such 
vehicles  as  the  Offshore  Technology  Conference.  Some  of 
this  attitude  can  be  attributed  to  the  desire  to  provide  a 
rational  basis  for  anticipated  development  of  codes  and 
regulations . 

Research  for  offshore  platform  design  has  been  charac- 
terized by  a high  degree  of  objectivity  on  the  part  of  the 
sponsors.  For  tne  most  part,  the  companies  supporting  the 
research  are  also  the  owners  and  are  looking  for  technically 
sound  solutions  to  difficult  problems. 

Public  Interest  and  Responsibility  in  Research 

Perhaps  oversimplified,  the  justification  for  certifi- 
cation of  offshore  structures  appears  to  rest  on  the  public 
interest  in  enhancing  recovery  of  resources  and  in  protect- 
ing against  environmental  damage  and  injury  to  personnel. 
With  regard  to  the  necessary  development  of  knowledge  and 
engineering  capabilities,  there  appear  to  be  two  possible 
approaches:  (1)  continued  development  by  industry  alone  or 

(2)  joint  efforts  by  government  and  industry.  If  only  to 
provide  a basis  for  certification  and  regulation,  it  appears 
that  the  second  choice  is  more  likely.  Currently,  govern- 
ment agency  efforts  and  government  contract  research  fund- 
ing are  applied  in  the  national  interest  to  many  other  seg- 
ments of  our  economy. 


Government  efforts 
providing  environmental 
ing  background  research 
the  private  sector  must 
solutions  required  for 
other  hand,  any  groups 
structures  also  should 
development  process  in 
developments . 


would  appear  to  be  best  applied  in 
data  on  a broad  scale  and  in  sponsor- 
. Particularly  for  frontier  areas, 
be  free  to  provide  the  innovative 
new  and  unusual  problems.  On  the 
involved  in  the  certification  of 
be  closely  involved  in  the  knowledge- 
order  to  keep  abreast  of  current 


All  parties  should  be  cooperatively  involved  in  the 
ongoing  study  of  performance.  This  must  not  be  limited  to 
periodic  safety  inspections.  A great  deal  can  be  gained 
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for  the  future  by  monitoring  earthquake,  wave,  wind,  and 
other  natural  phenomena  correlated  with  the  observed  perfor- 
mance of  structures.  Provisions  for  measurements  should  be 
considered  in  the  original  design  of  structures.  In  view 
of  the  present  state  of  knowledge,  primary  emphasis  should 
be  placed  on  simple  and  reliable  check-point  types  of  ob- 
servations, and  overly  elaborate  instrumentation  schemes 
should  be  avoided. 

Finally,  procedures  must  be  developed  to  accelerate  the 
exchange  of  all  environmental  data,  research  on  methods, 
and  observations  of  performance. 


i 
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APPENDIX  C 


McDermott  Hudson  engineering 
TECHNICAL  WORK  REVIEW  - STRUCTURAL 
T.  R.  WARTELLE 


A.  INTENTION 

1.  Prevent  structural  failures  and  monetary  loss  to 

McDermott  and  our  customers. 

2.  Improve  Quality  of  Design. 

a.  Ensure  design  is  in  accordance  with  the  criteria. 

b.  Ensure  design  is  in  accordance  with  current 
standards  and  codes. 

c.  Ensure  design  can  be  fabricated  and  installed 
on  most  economical  basis  by  our  construction 
divisions . 


: -ad 


a.  Ensure  designed  structure  and/or  system  functions 
properly  in  field. 


B. 


3.  Develop  consistency  of  work  to  ensure  design  by 
various  departments  is  in  a standardized  form  best 
suited  for  use  by  our  construction  divisions  and 
customers . 

4.  Ensure  continuance  of  education  of  personnel  in 
latest  codes,  standards,  and  construction  techniques. 

APPROACH 

1.  Consider  review  of  equal  importance  with  initial 
design . 

2.  Review  items  that  affect  structural  adequacy, 
performance,  and/or  ability  to  construct. 

3.  Review  only  and  do  not  redesign,  since  responsibil- 
ity remains  with  initial  designer.  Only  construc- 
tive criticism  is  sought. 
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4.  Schedule  review  so  that  original  design  is  generally 

complete  before  it  begins.  Review  may  be  in  phases 

or  in  one  package  depending  on  particular  project 

requirements . 

TYPES  OF  REVIEWS 

1.  No  Review 

a.  The  work  involved  is  so  minor  that  no  review  is 
warranted . 

b.  The  structure  is  not  designed  by  one  of  the 
corporation  engineering  departments. 

2.  Routine  Review 

a.  The  structure  involved  is  a type  or  design  that 
has  been  performed  frequently  and  does  not  have 
any  special  or  unique  problems  associated  with  it 

b.  The  primary  emphasis  is  in  comparing  the  key 
design,  fabrication  and  installation  parameters 
with  those  of  previous  projects. 

c.  The  comparison  normally  is  completed  by  techni- 
cal review  personnel  in  the  New  Orleans  Techni- 
cal Review  Section. 

3.  Intermediate  Review 

a.  The  structure  involved  is  the  first  (a  proto- 
type) of  a new  series  of  modified  platform  com- 
ponents, such  as  a new  deck  type.  The  structure 
involved  also  may  have  an  unusual  fabrication 
and/or  installation  procedure,  such  as  projects 
involving  drilled-in  piling. 

b.  A thorough  review  is  performed  of  the  structural 
analysis  model  and/or  the  computerized  structural 
analysis  input  and  output  with  emphasis  on  the 
unique  areas  of  the  design.  This  is  in  addition 
to  the  work  performed  in  a routine  review. 

c.  The  intermediate  review  normally  is  completed 
by  an  engineer  in  one  of  the  three  Structural 
Design  Departments  (New  Orleans,  Wembley, 

Houston) , or  the  Special  Projects  Department  in 
New  Orleans  office.  The  only  limitations  on  the 
selection  of  this  engineer  are  his  experience. 
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4.  Major  Review 

a.  The  structure  involved  has  difficult  and/or 
unique  design,  fabrication,  or  installation 
procedures . 

b.  A thorough  review  of  the  entire  design  is  per- 
formed in  sufficient  detail  to  satisfy  the  re- 
viewer of  the  adequacy  of  all  aspects  of  the 
design.  This  is  always  in  greater  depth  than 
an  intermediate  review. 

c.  The  major  review  normally  is  completed  by  an 
engineer  in  one  of  the  three  Structural  Design 
Departments  (New  Orleans,  Wembley,  Houston),  or 
in  the  Special  Projects  Department  in  the  New 
Orleans  office.  The  only  limitations  on  the 
selection  of  this  engineer  are  his  experience, 
availability,  and  non-involvement  in  the  original 
design . 

Obviously,  placing  portions  of  a given  project  into  the 
above  types  of  review  requires  discretion  by  the  struc- 
tural design  engineer  and  his  supervisor.  Also,  the 
review  types  descriptions  provide  guidelines  and  are  not 
all  encompassing. 

D.  INFORMATION  FLOW  PROCEDURE 

1.  The  project  is  received  by  the  Engineering  Depart- 
ment and  a project  engineer  is  assigned. 

2.  As  soon  as  possible  thereafter,  the  design  (and/or 
project)  engineer  notifies  the  Work  Review  Section 
via  the  project  engineer  of  the  following: 

a.  A description  of  the  project. 

b.  The  type  of  review  required  for  each  review 
category  subject  to  supervisory  discretion. 

c.  The  schedule  for  the  review. 

Based  n this  information,  Work  Review  selects  (in 
conjunction  with  Review  Contacts  in  the  different 
offices)  the  engineer  (s)  who  will  be  performing  the 
review . 


3. 
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4.  When  the  design  is  ready  for  review,  the  review 
materials  are  forwarded  directly  to  the  reviewer 
by  the  designer (s). 

5.  Once  the  reviewer  receives  these  materials,  he 
acknowledges  their  receipt  and  indicates  if  he  can 
meet  the  desired  review  schedule.  Work  review 
scheduling  conflicts  are  jointly  resolved  by  Work 
Review  and  Review  Contacts. 

6.  The  reviewer  then  proceeds  with  the  review.  All 
technical  questions  concerning  the  review  materials 
are  resolved  directly  between  the  respective 
designers  and  reviewers. 

7.  Upon  completion  of  his  work,  the  reviewer  forwards 
his  review  findings  to  the  designer,  project  engineer 
Work  Review  Section,  and  managers  of  the  structural 
departments . 

8.  As  soon  as  possible  after  receiving  the  review,  the 
design  engineer  forwards: 

a.  His  answers  and  actions  taken  with  respect  to 
the  review  to  the  reviewer.  Work  Review  Section, 
and  to  the  managers  of  the  structural  departments 

b.  To  the  reviewer,  any  additional  or  revised  calcu- 
lations that  have  been  added  to  the  design  file 
if  he  and  his  supervisors  feel  additional  review 
is  warranted. 

9.  The  Work  Review  Section  completes  its  records  and 
advises  the  Work  Review  Technical  Committee  of  any 
unresolved  difficulties  or  unique  happenings. 

10.  The  Work  Review  Technical  Committee  then  takes  what- 
ever action  deemed  appropriate. 
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OUTLINE  OF  PROPOSED  PROGRAM  POLICY  GUIDANCE  DOCUMENT 

FOR 

OCS  STRUCTURAL  VERIFICATION  PROGRAM 


PREFACE 


Purpose:  To  provide  common  general  requirements  and  policy 

guidance  for  a program  of  verification  of  structural 
integrity  for  fixed  oil  and  gas  platforms  in  all  USGS 
OCS  regions. 

Basic  Philosophy:  To  institute  an  effective  program  for 

such  verification  that:  will  provide  added  assurance 

to  the  public  of  the  safe  USGS  and  industry  develop- 
ment of  OCS  resources;  best  utilizes  the  available 
technical  competence  in  the  U.S.;  introduces  a mini- 
mum burden  upon  both  the  USGS  and  industry  in  its 
implementation;  and  provides  for  broad  public,  govern- 
ment, and  industry  input  to  the  regulations. 

Policy:  The  policy  of  the  USGS  shall  be  to  institute  and 

implement  a structural  verification  program  that:  is 

consistently  applied  throughout  the  several  OCS 
regions;  rests  on  a sound  technical  basis  recognizing 
differences  in  the  environmental  conditions;  is  flexi- 
ble and  adaptable  to  OCS  frontier  areas;  does  not 
hinder  safe  OCS  resource  development  on  a reasonable 
time  scale;  is  based  on  performance-oriented  regula- 
tions; and  encourages  the  development  and  use  of  new 
technology . 

Approach:  The  approach  of  this  document  is  to  outline  and 

briefly  discuss  the  basic  policy  of  the  USGS  in  de- 
veloping and  implementing  an  effective  program  of 
structural  verification  of  offshore  facilities.  The 
outline  includes  the  relationships  of  the  USGS  to: 

° Other  concerned  Federal  and  State 
agencies ; 

° The  offshore  oil  and  gas  production 
industry ; 

° The  supporting  service  industries  who 
conduct  structural  design,  fabrica- 
tion, installation,  and  maintenance 
of  offshore  facilities; 
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0 The  various  sources  of  standards, 
specif ications , design  codes,  etc.; 

0 The  various  sources  of  verification 
agents  for  the  conduct  of  design 
reviews,  inspections,  etc.;  and 
° The  public  and  its  representatives. 

The  detailed  content  of  implementation  plans  and  man- 
agement plans  for  the  verification  system  are  the 
subjects  of  other  documents. 

INTRODUCTION 

Scope:  Fixed,  bottom-founded,  oil  and  gas  platforms  in  the 

U.S.  OCS . (May  be  wise  to  include  statements  on  pos- 
sibly extending  scope  later  to  include  all  OCS  safety 
and  pollution-control  activities;  i.e.,  everything 
covered  in  Gulf  of  Mexico  OCS  Orders  #1  thru  #10  and 
maybe  #12.) 

Approach*:  The  approach  of  this  program  will  be  to  depend 

primarily  on  USGS  monitoring  of  industry's  adherence  to 
a pre-planned  and  USGS-approved  plan  for  the  design, 
fabrication,  operation,  inspection,  and  maintenance  of 
each  new  OCS  oil  and  gas  platform.  In  its  monitoring, 
USGS  will  depend  upon  competent  third-party  personnel 
to  conduct  design  reviews  and  to  conduct  or  monitor 
quality-assurance  programs  and  inspections.**  The  pro- 
gram will  be  implemented  in  an  orderly,  phased,  manner; 
and  will  depend  initially  upon  existing  technology, 
design  procedures,  criteria,  standards,  etc.  These 
technology  elements  will  be  reviewed  and  updated  first 
as  necessary  to  assure  that  they  conform  to  the  USGS 
program  policy  enunciated  in  the  preceding  section, 
and  then  only  when  determined  on  sound  technical  bases 
to  be  necessary  for  improving  the  structural  integrity 
of  OCS  oil  and  gas  platforms. 


General  Relationships  and  Responsibilities: 

(Policy;  not  detailed  procedures,  etc.) 

Relation  to  other  USGS  regulations  and  requirements. 
Relation  to  other  Federal  regulations  and  requirements. 
Actions  and  prerogatives  of  the  Government: 


*This  particular  approach  is  based  on  the  Panel's  proposed 
Verification  System.  If  some  other  system  is  selected,  the 
approach  description  would,  of  course,  be  different. 

**As  defined  in  OCS  notice  to  lessees,  etc.,  Federal  Regis- 
ter, January  29,  1976. 
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General  USGS  rights  to  data,  etc.; 

Proprietary  rights  of  industry; 

Third-party  evaluations  (use  of, 

and  approval  of,  third  parties);  and 
Inputs  to  Government  R&D  and  data- 
exchange  programs. 

Actions  and  Prerogatives  of  Industry: 

Proprietary  Rights; 

Participation  in  R&D  and  data- 
exchange  programs; 

Responsibility  for  subcontractors; 

Actions  and  prerogatives  of 
third  parties; 

Access  to  data  and  records. 

Reference  to  Glossary  of  Terms • 

DOCUMENTATION: 

(Emphasis  on  policy;  not  on  details  of  content,  etc.) 

Types  --  Statutes,  Federal  Regs.,  OCS  orders,  criteria, 
standards,  API  specs,  stds. , and  RP ' s , etc. 

Sources  & Approvals  --  Use  of  Board  of  Consultants  for 
development  and  Federal  Register  Route  for  final 
promulgation . 

Periodic  revision  & update  — Revise  only  as  necessary, 
and  only  with  sound  technical  basis. 

PROGRAM  MANAGEMENT: 

(Policy  on  authorities  and  responsibilities) 

USGS-Hq,  Regional,  and  Area  Offices  (including  appeal 
routes) , 

Assistance  for  Board  of  Consultants. 

Industry. 

Third  parties. 

Third-party  qualification. 

Training  --  USGS,  third  parties,  industry. 

Interagency  activities  --  R&D  and  data  exchange. 

VERIFICATION  ENGINEERING: 

(Policy  on  responsibilities  of  USGS,  industry,  et  al.) 
General • 

Environmental  design  conditions- 

Design,  construction,  and  inspection  procedures. 
Standards  and  specifications. 

Failure  reporting  and  analysis. 

Requirements  for  Safety. 


75 


VERIFICATION  OPERATIONS: 

(Policy  on  responsibilities  of  USGS,  industry,  et  al.) 

Industry  plan  development  — General  contents,  include 
nominations  of  third  parties. 

USGS  Plan  Approval  — include  approval  of  third  parties. 

Industry,  USGS,  and  Third-party  activities. 

Accident  Review. 

APPENDICES : 

Glossary  of  Terms. 

Reference  to  USGS  Regulations,  etc. 

Reference  to  other  Federal  Regulations,  etc. 

USGS-required  documents. 

Related  Documents. 

GENERAL  NOTES  (not  part  of  document) 

Be  sure  to  cover  the  policy  basis  for  deciding: 

Who  does  what,  when,  to  whom; 

How  to  select  third  parties; 

General  content  of  industry  submittal  (not  too 
specific,  but  yet  enough  to  assure  uniformity); 
Specs  and  standards  — Performance-oriented,  how 
to  start,  where  to  get  later. 

Some  portion  of  document  should  explain  policies  on: 

Grandfather  clauses  --  how  to  treat  existing  plat- 
forms --  (mainly  periodic  inspection  with  time 
based  on  past  history;  minimum  update  of  plan 
when  major  changes  made  in  structure  or  loads 
[review  only  new  engineering,  etc.]); 

Varying  depth  of  treatment  based  on  prior  experi- 
ence ; 

Basing  all  decisions  on  sound  technical  data  and 
reasoning;  not  on  personal  preference; 

Review  and  appeal  route  . 
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AN  EXAMPLE  OF  AN  OFFSHORE  TECHNOLOGY  TRAINING  PROGRAM 

by 

Rupert  C.  Craze 
Petroleum  Engineer 


INTRODUCTION 


If  the  USGS  is  to  be  responsible  for  the  verification 
of  offshore  structures,  it  must  have  personnel  competent  in 
offshore  technology.  Such  verification  will  involve  per- 
sonnel working  with  industry  and  academia  to  develop  prac- 
tical criteria  for  efficient  design,  construction,  instal- 
lation, and  maintenance  of  integrity  for  oil  and  gas 
platforms,  in  both  the  development  and  operation  phases. 

The  more  competent  the  government  personnel  are  in  these 
offshore-related  engineering  disciplines,  the  more  efficient 
the  agency  will  be.  Fewer  management  tiers  and  thus,  fewer 
personnel  will  be  needed.  Criteria  and  regulations  devel- 
oped will  be  more  realistic  and  less  complicated;  corre- 
sponding documentation  that  industry  must  submit  showing 
compliance  will  also  be  simpler,  thus  completing  the  loop 
and  easing  the  communications  between  government  and  indus- 
try . 


The  design,  construction,  installation,  and  operation 
of  offshore  platforms  involve  skills  in  a wide  diversity  of 
disciplines  in  the  technical  and  management  areas  that  are 
not  presently  characteristic  of  the  USGS  staff.  A need 
exists,  therefore,  for  a comprehensive  training  program  in 
offshore  technology  to  provide  rapid  transfer  of  knowledge 
in  the  subject  to  existing  and  new  USGS  personnel. 

A major  approach  to  imparting  the  necessary  expertise 
to  the  USGS  personnel  is  through  the  medium  of  saturation 
learning  process;  i.e.,  a rapid  training  program  involving 
the  latest  developments  in  all  areas  of  offshore  technology 
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Training  Program  Needs 


A training  program  should  be  designed  specifically  for 
those  USGS  personnel  (present  staff  and  new  hires)  whose 
chief  responsibilities  are  in  the  areas  of  developing, 
managing,  and  implementing  a verification  program  for  off- 
shore systems.  The  program  should  be  a cooperative  effort 
of  the  USGS,  academia,  industry,  and  consultants.  The 
courses  should  be  designed  to  transfer  the  latest  and  most 
efficient  technology  developed  by  industry  in  the  offshore 
field.  The  curriculum  should  include  broad  overview 
courses  for  all  the  appropriate  USGS  personnel.  This  should 
be  followed  by  a group  of  concurrent  intensive  courses  in 
each  of  several  disciplines  pertinent  to  offshore  structural 
design,  constructions,  and  verification.  Each  USGS  "off- 
shore" staff  member  would  take  courses,  related  to  the  dis- 
cipline for  which  that  person  would  have  responsibility. 

As  an  adjunct  to  the  above  more  formal  and  saturated 
course  of  instruction,  further  training  might  be  implemented 
by  the  following: 

° Loan  of  industry  personnel  to  the  USGS 
on  a temporary  basis,  working  with  USGS 
personnel  to  guide  them  on  the  job  and 
train  them  as  instructors  in  further 
courses  given  in  the  offshore  area. 

0 Transfer  of  USGS  personnel  on  temporary 
loan  to  industry  in  specific  areas  to 
upgrade  their  expertise  and  to  view 
industry  activities  at  first-hand, 
with  on-the-job  experience. 

° Maintenance  of  a liaison  "faculty" 

■ to  provide  a constant  awareness  and 
ability  to  analyze  and  utilize  the 
results  of  continuing  industrial 
and  academic  research  developments 
in  the  field  of  offshore  technology. 

0 Participation  of  USGS  personnel  in 

the  relevant  activities  of  the  several 
technical  societies,  such  as  the  SPE 
( AIME ) , the  Offshore  Technology  Con- 
ference, special  study  groups,  and 
consulting  organizations  active  in 
this  field. 
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Example:  Saturated  Training  in  the  Petroleum  Industry 

The  training  program  described  in  the  following  pre- 
sents the  background,  philosophy,  and  logic  that  led  to  the 
presentation  of  several  highly-successf ul  concentrated 
courses  developed  for  in-house  use  by  petroleum  industry 
personnel . 

The  initial  course  covered  the  field  of  reservoir 
engineering  and  was  designed  to  teach  competent  petroleum 
engineers  engaged  in  field  operations  the  basic  fundamentals 
and  latest  reservoir  technology  developed  by  research.  The 
course  was  designed  for  rapid  transfer  of  highly  technical 
knowledge  to  the  operating  petroleum  engineers  who  were 
responsible  for  the  efficient  development  and  operation  of 
oil  and  gas  reservoirs.  The  goal  to  be  achieved  by  the 
reservoir  engineering  course  was  the  logical  and  practical 
application  of  the  most  up-to-date  research  developments  in 
reservoir  engineering  so  that  the  operating  engineers  might 
apply  these  developments  to  maximize  the  recovery  of  hydro- 
carbons from  the  underground  reservoirs  in  an  efficient  and 
economical  manner.  A secondary  goal  was  to  impart  to  the 
operating  engineers  a sufficiently  high  expertise  in  reser- 
voir engineering  so  that  they  in  turn  could  serve  as  "fac- 
ulty" themselves  in  an  on-going  program  of  instruction  in 
the  subject  to  incoming  petroleum  engineers.  In  this 
fashion  the  continuing  developments  in  production  research 
were  blended  with  the  practical  knowledge  obtained  from 
actual  applications  in  the  field.  This  process  expanded 
and  updated  the  course  coverage  for  utilization  on  a broad- 
ened base  to  all  of  the  engineers  involved  in  the  operation 
of  the  diverse  reservoirs  encountered. 


Over  a period  of  time,  this  course  has  had  considerable 
impact,  not  only  in  the  operational  reservoir  engineering 
aspects,  but  also  in  such  areas  as  well  completion,  well 
spacing,  and  efficient  well  operations.  It  further  influ- 
enced the  exploratory  efforts,  and  had  considerable  impact 
on  the  technical  foundations  upon  which  governmental  agen- 
cies promulgated  their  regulatory  programs,  working  with 
industry  to  achieve  a realistic  conservation  effort  to 
produce  oil  and  gas  most  efficiently. 


Development  of  the  Subject  of  "Reservoir  Engineering" 

Early  research  conducted  by  personnel  of  one  of  the 
major  oil  companies  in  the  area  of  production  research, 
beginning  in  the  late  1920 's  and  in  the  1930's,  both  in  the 
laboratory  and  in  the  field,  established  some  very 
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fundamental  principles  relating  to  the  behavior  of  fluids 
in  oil  and  gas  reservoirs  and  to  a preliminary  knowledge  and 
understanding  of  the  performance  of  those  reservoirs. 

During  this  period,  it  was  recognized  that  detailed  studies 
of  the  performance  of  oil  reservoirs  had  considerable  value 
in  direct  application  to  field  operation.  Obtaining  these 
benefits,  however,  required  developing  a comprehensive  ex- 
position of  the  fundamental  principles  governing  reservoir 
behavior  in  order  to  transfer  the  accumulated  knowledge  to 
the  using  personnel. 

A detailed  report  was  prepared  (in  book  form)  that 
presented  these  fundamental  principles  governing  reservoir 
behavior  as  established  by  research  to  that  date.  This 
report  was  given  wide  distribution  among  the  operating 
elements  within  the  company,  as  well  as  among  research  per- 
sonnel. Of  course,  many  of  the  subjects  included  in  this 
report  had  been  presented  by  the  company's  researchers  in 
technical  papers  presented  to  and  published  by  the  several 
technical  societies  to  which  they  belonged.  In  that 
fashion,  this  knowledge  was  also  made  available  to  industry 
as  a whole. 

It  was  during  the  period  leading  up  to  the  publication 
of  that  report  in  1940  that  a new  science  had  gradually 
evolved  in  petroleum  production  engineering.  This  new 
science  was  designated  "reservoir  engineering;"  it  became  an 
integral  part  of  petroleum  production  engineering,  and  it 
dealt  principally  with  the  movement  of  fluids  in  and  the 
recovery  of  fluids  from  oil  and  gas  reservoirs.  It  might 
be  pointed  out  in  passing  that  petroleum  research  organiza- 
tions of  several  oil  companies  and  in  various  universities 
were  concurrently  investigating  various  aspects  of  the 
subject  of  reservoir  and  well  performance  and  were  publish- 
ing papers  that  added  much  to  the  available  knowledge  of 
this  specialized  technology.  Thus,  reservoir  engineering 
grew  in  importance  as  a vital  tool  that  could  aid  the  petro- 
leum production  engineer  as  he  put  this  new  science  to 
practical  use  in  the  field. 


Formation  of  a "Reservoir  Engineering"  School 

With  the  stimulus  provided  by  the  Production  Research 
Division's  outstanding  work  during  the  1930 's  in  developing 
some  of  the  methods  of  analyzing  reservoir  behavior,  studies 
of  several  oil  fields  demonstrated  the  practical  feasibility 
of  applying  these  methods  of  analyses  to  actual  field  opera- 
tions to  improve  recovery  of  oil  and  gas.  The  onslaught  of 
World  War  II,  and  the  attendant  increased  demand  for 
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petroleum,  brought  to  the  forefront  the  necessity  for  opera- 
ting each  oil  reservoir  at  its  maximum  efficiency  in  order 
to  supply  the  war  demands  for  petroleum  and  its  products. 
This  led  to  an  increasing  volume  of  work  necessary  to  con- 
duct technical  analyses  of  each  reservoir  to  obtain  high 
operating  efficiency.  This  work-load  problem  was  compounded 
by  the  losses  of  technical  men  to  the  armed  forces.  It 
became  readily  apparent  that  the  remaining  few  petroleum 
production  engineers  who  were  familiar  with  the  reservoir 
engineering  techniques  could  not  handle  the  increasing 
volume  of  work  effectively.  To  alleviate  this  shortage  of 
technical  men,  plans  were  made  in  1944  to  train  some  of  the 
outstanding  petroleum  engineers  in  other  divisions  in  the 
subject  of  reservoir  engineering  by  means  of  a concentrated 
program  of  transfer  of  available  knowledge  in  the  technology 
of  reservoir  engineering  as  developed  by  research.  The 
first  course  of  study  included  seven  students  for  a three 
and  one-half  month  period  beginning  in  late  1944.  Lec- 
tures and  work  sessions  on  applicable  field  problems  were 
continued  on  a full-time  basis  for  the  entire  period  of 
this  course,  known  as  the  first  "Reservoir  Engineering 
School . " 

Later,  as  these  first  "students"  began  to  apply  the 
results  of  their  training  to  field  operations,  it  became 
apparent  that  this  type  of  reservoir  engineering  training 
was  very  profitable.  Plans  were  soon  made  to  enlarge  the 
group  of  production  engineers  having  such  training.  As  a 
consequence,  the  Reservoir  Engineering  School  has  been 
continued  to  the  present  time  in  concentrated  fashion  at 
annual  intervals,  with  the  class  sizes  enlarged  to  include 
an  avarage  of  30-40  technical  personnel.  As  successive 
Reservoir  Engineering  Schools  were  conducted,  it  became 
possible  in  greater  degree  to  utilize  as  instructors  many 
of  the  petroleum  engineers  who  had  attended  earlier  schools 
and  who  had  attained  a high  degree  of  competence  as  prac- 
ticing "reservoir  engineers."  Of  course,  the  initial  or- 
ganization continued  to  supply  instructors  in  subjects  in 
their  particular  areas  of  competence. 

Throughout  the  entire  succession  of  Reservoir  Engi- 
neering Schools,  every  effort  has  been  made  to  update  the 
course  content  to  reflect  the  latest  developments  in  reser- 
voir engineering  technology  emanating  from  both  research  and 
operations  within  the  company,  from  developments  published 
by  others  in  the  industry,  and  from  published  advances  in 
reservoir  engineering  within  the  academic  world. 

The  experience  gained  with  the  first  Reservoir  Engi- 
neering School  indicated  the  need  for  a Reservoir 
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Engineering  Manual  for  use  both  in  subsequent  training  work 
and  as  a guide  for  r' s^rvoir  engineering  work  throughout 
the  company  operation'.:.  A tentative  manual  was  completed 
in  time  for  use  b-  the  third  class  in  its  study  program. 
Following  this  th . ~d  class,  the  manual  was  completely  re- 
vised and  printed.  Subsequent  revisions  and  increases  in  the 
scope  of  the  manual's  content  have  been  made  to  include  up- 
to-date  developments  that  have  evolved  in  reservoir  engi- 
neering technology.  These  revisions  in  the  manual  incor- 
porated the  latest  thinking  and  experience  in  all  the 
various  facets  of  study  material  utilized,  and  made  the 
manual  an  important  text-book  adjunct  in  the  presentation 
of  the  course  and  in  its  further  use  as  a guide  and  refer- 
ence in  practical  field  application. 

In  the  late  1950's,  the  rapid  advances  made  in  the  area 
of  reservoir  engineering  made  it  apparent  that  additional 
training  should  be  given  to  many  of  the  practicing  reservoir 
engineers  who  had  already  attended  the  prior  regular 
schools.  Accordingly,  plans  were  made  to  upgrade  the  skills 
of  these  engineers  through  attendance  in  an  "Advanced  Reser- 
voir Engineering  School."  The  course  of  study  was  intense 
in  its  training  and  covered  the  most  recent  developments 
evolving  from  research  and  practical  field  experience. 

These  schools  were  scheduled  according  to  the  needs  at  the 
time  and  proved  quite  successful  in  improving  the  profici- 
ency of  those  who  participated  in  this  advanced  training. 


Establishment  of  Training  Programs  in  Other  Technical  Fields 

The  success  of  the  "Reservoir  Engineering  School" 
program  exerted  considerable  influence  among  technical  per- 
sonnel engaged  in  other  areas  of  activity  throughout  the 
company's  operations.  With  the  experience  gained  from  the 
format  of  reservoir  engineering  training,  the  company  em- 
barked upon  similar  programs  of  instruction  in  the  areas  of 
Production  Operations,  Drilling  and  Well  Completion  Prac- 
tices, Well  Log  Interpretation,  and  other  facets  of  company 
operations.  These  schools  were  designed  to  transfer  the 
latest  developments  in  the  respective  areas  of  study  to 
operational  personnel  including  production  engineers,  dril- 
ling engineers,  geologists,  and  geophysicists  throughout 
the  company.  These  schools  likewise  have  greatly  enhanced 
the  skills  of  the  operating  technologists  and  have  proved 
highly  successful. 
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Education 

In  less  formal  and  concentrated  approaches  in  training, 
the  approach  has  been  used  of  transferring  competent  engi- 
neering and  scientific  personnel  on  a loan  basis  from  one 
area  of  technical  endeavor  to  another  area  in  order  to  give 
on-the-job  training  to  personnel  in  needed  skills.  For 
example,  the  field  engineer  may  be  transferred  to  work  with 
a research  group  to  supplement  his  practical  knowledge,  and 
the  reserach  man  may  be  sent  to  the  field  to  gain  a realis- 
tic approach  to  field  operational  problems.  The  use  of 
consultants  as  highly-competent  specialists  in  their  field 
of  endeavor  who  are  brought  into  contact  with  research  and 
operating  people  has  been  very  successful  as  another  medium 
of  transfer  of  technology.  Another  training  procedure  has 
been  the  effective  use  of  university  professors  to  present 
short  but  highly-concentrated  instruction  in  fields  of  their 
particular  competence  to  selected  classes  of  research  and 
operational  personnel  as  in-house  courses  in  needed  areas  of 
skills.  In  reverse  fashion,  technical  personnel  may  attend 
courses  given  at  various  universities  to  acquire  additional 
training  in  specific  areas.  Other  methods  of  upgrading  the 
expertise  of  company  personnel  reside  in  an  active  partici- 
pation in  the  various  technical  societies;  presenting  papers, 
attending  meetings  of  these  organizations,  attending  special 
courses  and  study  groups  sponsored  by  the  societies,  and 
becoming  actively  involved  on  special  committee  assignments, 
both  technical  and  administrative.  It  is  through  these 
society  activities  and  programs  that  a high  degree  of  effec- 
tive interchange  of  technical  know-how  is  achieved. 


CONCLUDING  REMARKS 

The  history,  planned  format,  practicability,  and  suc- 
cessful operation  of  the  "Reservoir  Engineering  School" 
exemplified  in  the  preceding  discussion  appear  to  offer 
considerable  aid  to  the  development  of  a concentrated  trans- 
fer of  knowledge  in  offshore  technology  to  the  personnel  of 
the  USGS . It  is  the  sincere  hope  that  this  presentation, 
based  on  actual  industrial  experience,  may  prove  to  be  help- 
ful to  those  responsible  for  developing  a course  specifi- 
cally designed  to  meet  the  needs  for  rapid  training  of  USGS 
personnel. 
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APPENDIX  F 

CONTRIBUTORS  TO  THE  STUDY 


Stanley  Anderson 

American  Bureau  of  Shipping 

Lawrence  Bates 

American  Bureau  of  Shipping 

Keith  Blythe 

Federal  Aviation  Administration 

William  Brown 
Aerospace  Corporation 

Rupert  C.  Craze 
Petroleum  Engineer 

Patrick  Dunn 

Offshore  Operators  Committee 
G.L.  Foote 

U.S.  Army  Corps  of  Engineers 
E.R.  Genois 

Petro-Marine  Engineering 
C.E.  Golay 

Offshore  Operators  Committee 
C.E.  Grubbs 

Chicago  Bridge  & Iron  Works  Co. 
W.M.  Hannan 

American  Bureau  of  Shipping 

J.  Hoffman 

Aerospace  Corporation 
Dale  Kroeger 

American  Bureau  of  Shipping 

K. D.  Morland 

American  Bureau  of  Shipping 
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Herbert  Morriss 
Aerospace  Corporation 

Gordon  Piche 
tJ.S.  Coast  Guard 

John  Sherwin 

American  Bureau  of  Shipping 
Eugene  Silva 

Naval  Facilities  Engineering  Command 

S. G.  Stiansen 

American  Bureau  of  Shipping 

J . A . Ternet 
Boeing  Company 

Joseph  Vadus 

NO A A Office  of  Engineering 

T. R.  Wartelle 

J.  Ray  McDermott  & Company,  Inc. 
Robert  L.  Wiegel 

University  of  California,  Berkeley 
R.  Wills 

U. S.  Army  Corps  of  Engineers 


